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afaftaa anieles R eyt
(Classical Economic Growth Models)

e o)
{Introduction)

“o% frath (Model} i 575 (Economic programmng) g
[T T T3 a2 s R (G Meer)

ferfy et ot woer Y & qF 8 37 F9Anit (assumptions) vt
A FY o vear & PR g ey TART sl S ) F st
o gl anfE wael o) nfrdg ol % &7 § ofafic & §) Ry
I S G AT = B AR & T = v e e ¥ snfdw
Tt &1 R W AR S A s T P I ¥ i
et FY S, e e wa A g e R e awar
21 77 0F F & o o Y FR & €0 A 2w FW F @A 2

¥ % free & Rag 3o T PrafRa S At off o s ) R
% 327 F QIR (full employment), TL T 5 AT, gram
7 e T Seft srage 1 Fawa S & ww ¥ @ IR A
¥ v & Fe onits R & wmael ¥ A geweew st Bt e
i Braxit g0t @ wewrtt 3 argw qr wet o emd oRad @
Iy & J w8 S §) o B der § o E
& Rl a1 st W w9 A R F) s w0 A o & |
=R EF ¥ T at % e gn FEe A i gk A e
¥ it R a1 fraet et areen & =hard dom)

(1) sftad # gz’ a1 fa=zor gegd F
(2) snfii Faar § wer avaat aTu T 21 IETA |



anffirha et 2

(3) fmlr % swom R Gew & sl emem ¥y Rt
(prerequisites ) & Tume Fdm: |

@ 5o & Fredl ae s w9 A ot qnd 9 aifed 5 B ¥ go
it ¥ ool G- e TeA-wed & ww ¥ nfwdw swafu= gf fee g
it Y, waf o & yum A e Bl s & @ ® 0

e e #, srdiEE gm il faew B v e TS
e 7 &1 @ e ¥ ofr ardoelt o frew o s & Fawor
% aar fmA & g yae @ ) g § @A @@ (Adam Smuth),
e f@rdl (David Ricardo), Weaw (Malthus) @1 3 frmfifga
anhmBrit % svera &1 3¢ 4 fma (Central theme) @11 27 st}
% wargan §of-Fefor onffs freme @1 @w @ (Core) @1, 70y & Freat
& il &% wfaw @ oo sl o % svorw & faaw & frwmard )
TH WY F € I g fan (Law of Dumimishing Returns) @
e F1 St o (Malthusxan Prneple of Population) & @]
b Gt T G5 i ey a3 onfiE aem ¥ u meeT dmee
v s e gieeals o # 9fE & watua A ¥ aeg IR
T a3 et gw 7w i & @ R enfds fawm ¥ e g
sTETTE &, WY A% anidE P & waiw a8 add ¥ R e
il & s o T 8, s o G o o e &, og ses mm
2 I9gaw Femn fraifa 9€ ot sl B, o @ & §f of oad & aw & ot
&1 enfde fm % fog §f Fmior 3% ama-amg e g, e, sl
A Siffer FATTAT 3 ST onfk T aval Y o Sravad §1 F A
= favam o fr GeiaR sk TR o areme e & am anRlE
T & aw e fERr @ & wra w0 ¥ Fa-Taakiie
(Neo-classicists) & Hreier a1 =% aa el 3= @ T
o & MR ¥, F@l o AR aw sk g an st
gt i @ R (Schumpeter) ¥ weEaT 3w ads IWEE T
gt e st aRads % uiem 8

wi ¥, anfiw B @ b T S, arentE meed,
W R, mwﬁ%ﬁwﬁmwﬁmﬂﬁmﬁ%mﬁ
a{fﬁaﬁm%lﬁm%ﬁaﬂﬁzﬁ*«wﬁﬁzﬁmwﬁ@am
% < f5 w%@ @5t @ w9 ¥ argedl 7 SRl ¥ oF oY aneE R #
AR ISF T qwd § qun ok wnt ¥ A gmias e s T 6,
S P 3 WaTe ) e 2 g ot 3 snRm &% |

T ¥R T e ¥ Frofafia i fradf @ feiem w6

”3



3 gitfe s frEm fraef

g Ry @i Rram Fregt
(Adam Smith’s growth Model}

wzH fBra & oy anffw Rl 1 ot shew g7 ¢ An Enguery
inta the Nature and Causes of the Wealth of Crats) % 757 e 81 3
o, shifaranfcdt (Physiocrats) 3 §fy @ §5h = sera-ane we o, Wy
e @ ¥ 3R SeI-AEl % A o @ e wewgh AR 81 3R
s-frii T AT e &1 5w SRR & srenla we =l staar sty
BF AT a7 F0 3, R SrRawy I, 5 FUeT, 99 9 aen
o el et ¥ g e 21!

e {3 ¥ wrargan g Rere ok & Pt ofaimt ¥
(1} i 6 urew waT (qfE wer) [The Quantty of Capital Available

(supply side)] o RS 1% 3R ¥ we ot nke €t & @

IR Y wen 7 S am w kel B
() am-fawR (9T @) [Extent of Market (demand side)]

wen B & wo € R am-Bomem aew ¥ Reaw g dife e

¥ 7% wergam, “‘arg &1 A agiia E @ wm ¥ (oralq avg A

i = Y qt) =it @ I s ol s ¥y Pentia @ 2wl
anfd® B & =t wfisar (Cumulative Process of Economic
Development}

en A & marger e X a6 anfde e aoere Rerfae o
2, wg T NG T wnaEi % stk wiia g wat &) avgei! awr dawedt
R T ¥ gy aut R % o o v § om T 3 O & T w e
aftomRasd 3 ¥ I W) 8 o gfg & ) ofoma gt a3 o ofe
ot &, Rea¥ Foeew ¢ a0 o fAwr & ogie @t aw fedewr
{specialisation) &1 ge am ¥ | Sdedaear ¥ g & Y i o 4t F
o # a0 &) o aRemaerey aw foerma, (s, R
anrfy afe) soww gt 81

1 When, the market 15 very small no person can have aty encoutagement 16
dedicate tumself entirely to one employment for want of power to exchange
all that surplus part of the produce of his own labour which is over and above
fus own consumptionr for such parts of the produce of other men s labour 2,

he has occasion for
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F, E R Imma e wt & e § o iw
(Inter-sectoral) &a=u g &, it i &t ardegaman & s St 37 g
@t

wzn-farg frmt & aneledr (Cntictsm of the Adam Smith s
Model)

@ Pt 1 ST et €

) e B S et & el @ A A @

1) A B & sogen =ew SeUdE =ER ReETi ¢, W
FTAIET] (59 % 301G 4 F1 F08Y SR §

(w) @ few § 3 Fwon A [w A af @, A aiE oA e
= €

(v) 7% frt Afes sdegarm (Static Economy) &7 SR & 2,
e wTATE srderama Dynamuc Economy) & fasmt &1 szt 77
fmrm ¥ A .

Frare o Pt
(Ricardo’s Growth Model}

frrsl W Reew Bt wen B % Tew Bt @1 somR
(refinement) ¥ 1 g f=et of a7 foreim gomafiorm &9 & woga 4 & s
®| 3¢ o fen T 9% The Prnciples of Poluical Economy
and Taxanon (1816) & &% &Y €1 3t (Menr) w@ aeefia (Baldvin)
¥ veeR o R ¥ e @ few R o el 9 8 T '
& s w3 &7 5w &, ot P & onem fn o, wog o T
AT 7Y Y I g A R EF

fodl e &, IR e AR A @ &, g A Tm AT
@ < war vz ¥ shaifr e & g ) R ol =Y awa o
T &Y ST 9 g | qafy s & ot e ) R off anf s
e & wiEraET IvatE fel of @ g & Pae-aw ow § G i
%miﬁwﬁ%ﬁﬁﬁmﬁzm%ﬁzﬁﬁzﬁmmﬁ‘@m

i

1 In a sense much of Ricardo's theory of developmen: can be regarded as
merely a1 agempt to formulate iz a nigorous fashion relaticnstap that Stuth
show ed but falled to state explidy ™



5 sffs anffs fagm et

g% 3 (s sftem) 9 7T (concept) & foFm w1 g
R 81 "% SR (fimshed product) # Frm-e ww wgh ww
:mmmwmmﬂzmm%mmm

”

fianrst & mmrgan- i war sj-wamdt st e w3 ¥ Geftart
af & & e o fader % awmed &1 Faw ¥ gfe & weraed ame et
Ieqd B et §( ot Goh-fmlor o v i gf% ¥g Rl I arfrem A @
e fer &, ot snfir g Srenfere v anagas €

(1) 7 gl (2) -2 (3) 0 =)
T Freal a3 qeny Rt ot omaifia ¥

(1) s faer

(1) et owe o Frm

e g Y AT st # @ afus Frens sifiy 1 I fRy
v &, s wonaey o @ i SR § gf et & @ar § fmbr
# o & 3w wheF ofx O ¥1 ooy e g ¥ wm, FH-EE #
i % oft gf Bnft) ara oot e o o nf gt 1 I #=W SwETs
it ox Fr s ot geat gre & fram ene € s, faes oftrmare
e ¥ g % Ao g e o el @l e i of gt
¥ qomEy o % med d ¥ gfs oty S e g9 sm A vl
o w ar ¥, s w % Brd o F =i S sl w o am
o 38 W aF A B T, sln ffaw e & R e g A A
wor s G Frtor womy & e gw R @Y ondwaea o 2w
e (Statie stage) FHA ¥

el am = wirga avdmiEEt ¥ sEr,
O=P+W

et O = TARA WA TAT {1 R
P=am

W=l
F Ak e wE A & B IR A, G, IR i e
4% oy I B wafia w0 8, @ o B van Rw wR B
o=1+C-



spffidty Freat [

el 0=1+C,+ C,

§fF it wg o e weget w1 el o o 8, ahn St
37w &t a wAr,

e,
P=0-C,

=i+ C+C,-C,

=1+ C, waf aegrt ¢ avg A e &

w1 =t fr s avm w o w8, A @ W e e
I @ ke e 81

frwrst & Franr faewt @ enEEET (Cntoism of Ricardo’s Growth
Model]

@ freat &1 e S, Pt &

(1) fova & ufendt it &, a1 sreaw a1 sAae figra 977 78 81

(2) Ttam P 2w ey & 6@ fraw @ o fog o fan
4]

(3) 7 T R A Fafa F Feen Fxar-g, awr gw @ @
fore v g A R

. (4) 7 et pf aFedfar w0 wonfE & S B avoRs T oW

@

e e e ezt
{Growth Model of Malthus)

Ao ¥ afE BEw oot few ool g Prnegles of
Poluical Economy (1820) % = 2| 33t qargew anfis Rem 3
A (Elfecuve) Hm v k| ST § g ¥ e Y A
% 3ig et ¥ aeg SHwEn § 9% gfa & were o am i o ot
ity raiq s ¥ orforern # e & ana @ @ oA amavaw
&1 anfmam & o S S s fem ¥ R woor 31 s & et
Tt ¥ of g S ot & s i afie af g enide R
o = dvlt, wifg s e anTdw R BT T & SwRa g W



7 shifeT snfd® fmm fref

g # B #, i s frem ¥y wwen of @ b @
Fagad: &t Aeaa fremy fraxd 8 & ey frad 3

(1) 5@ fraf & argem, ofedfre FeneT oo G5 BT R ke @

0,~aQ
adt O, =i e
Q, el & & 450 frim
/e = h-Frk argeea
mt%mmmm

do, _ dQ‘
& S Q

vﬁmmmﬁfa«a aal{aﬂ vk e st e v,

7 T & AR e - wanba 4
(1) 5w Freel % argew, F% 3w off iy ¥ § AT woanfim

O, =f(L,,K)
7d, 0, =F s

L, =5 2m

K=&t
BT 1% TRY SR TN T

© dO,_df dL,, df K

de dL, dt dK @

et%whmaﬁ@xﬁvﬁl{f@t%,m—ﬁw

40, _ 4 4L,
dr dL, dt




Eritcicderd 8

Izﬂ df -mﬁdﬁwmsﬁ&m%mwgl

m%=wkm§ﬁmnﬁﬁ#={zaﬁzﬂ

aq @e ? 5 o 3re aw &) dium saE ® At 8, SifE
ofy ¥ o0 BT o i ¥ ang, e X oqf gem # Ae gae e
1]

et & frmr gt
(Growth Model of Marx)

wred a1 A & B el Sl @ e st SAIeT &1 e § ) 3o
FrEr i aa Fl E

(1) Sreffirt {Technelogy), @@t (u) ITRE T=H|

Ry Waes aiadd swmes & ey i ofied & Ferasy oy
¥ % mavgan fafmr gt & B a3 3y e g o o
& ¥ & Tt ¥ fafie e o Frafor SRt o e & s g e
e &1

fafrm-ger “ag 4 gul anpd A1 g e A A A
T, Tg AR 7R O 2 WE a g BAR W T 3 vl i
T BF Y A% Ry 5m @ gww &M A T 4 2 T, Bae
&t 3 Tt 7 K R € & wgen ot off oF & w2 R
9 & IURT &g T YW O adHR oW qo g o a7 4 enl &
SER Y ¥ SEE F R 49-97 (Labour hours) ¥ 77 § <t a1 wdy
&1 waiq A ¥ & s % A o §, ooy A A om & ae
o’ % &9 § sy e ot wman 81

¥= v\ % 00T & f § @ Fw oy ? o @ e & B o e
T I AEE T T & v aoi 2 e &y @ B
a ¥ o § o av R @) Refra B &) o & woeR mw
& FTaTTE i g oW @ @ 1 fofer e 81 T g g w1 g
Forer feadl & o1 forgr & wm &) oo ot Y o TRl e 3
i 3 fag & o Frend fafim &)1



9 afifeq anfes faFm ff

AR w1 e w an e 7w Fw wa ¥ oo ¥ & e
vrdeamar # falenmdt @ sfvwa § i ¥ Bl ww @ T @) ked
T g Y s @1

i fogTr & o or @ vergy &Y ¥ Tl e fagea § o
¥ frem’ (Idea of explonation) & Syt & F 1 B, wgwora 3 Frend
w Feg o v &) At faam ¥ orda rher a aehe w9 F Rl
e &) ¥ e & B gl i Faw oy Brale w) W F 1 a anavs
wrar &1 e, wepf af & 100 & #R w0 qalw 31 wg 9 afes
1 af ¥ 365 R ¥ 07 0¥ & g ad 2 & B A F 265 G F o
w1 et grr s Frar o @ 2)

I, FTRAT AR T AT F I G F IR I A F_
a2 97 Hfe ergr anfieg ow “wifves 3w’ (Surplus va]ue),
sl

mm%ﬁﬁum%m@'@aﬁﬁﬁ'ﬁm%
ardt &) A F magEn G & gEn R & ¥ (1) w9 G (Vanable
capntal) @1 (1) 31<r G (Constant capnal) | ¥t &5 Fet ypram ot wid
wR & au &, sis F= o @ O it & woa ¥ s
&ft s G &1 g wfife ome (M @ ¥ g & Afiw g )
& = wEh ¥ o W g0 IR 5w yee 78 da, vrg wa O
2R e I A G §, T 8 R B g o el 2

mamﬁmmﬂwmmmm@m
o f &

(1)mmwa=_f, )

et § =wiu g
T V === @&

(2)@maﬂéﬁﬁﬁm=€ (u)

Fa
o it

e
I

v a



it et 0

_ S
(3) sTv-ST =TT )
7 S = oo e
v+ C-qgmisht
wetEer () # Bt g & foar o o 2
. Sv___Sv
TV 1 v
i
mﬁa-—m
‘l+§’iﬁﬂ$’§f¢{3‘ﬁ7ﬂ

w7 feRd (Mamn Conclusions)

() T (SV) Mo A @ wE R R am (CV) B E
rifrs form & oy &ft 2, e o 9 a0 5 we iy

() af (Sv ) a3 &t & (wg (C/V) §ft 5 i T
¥ ¥m) 7 Y g @ i af B S

fw) & ( S/V) P (V) R 3% @ afow B, o e @
2 T I B @ A @ A @ aan 38 a R w ww
H

HTFE TGt 0 AT Y e I an-o & Fed (Law of
Following Profit-Rate) F& &1 38 9#1 & A a7 ghofeq any &
TR R | AR, AW O 8 1 ger o i o1 A 8,
iy I T Al B ogeew @ owmemr b oAl Y 8w R
(Legalised robbery) 3t #aT 537 #t & ot 50 &% &Y §HA A F1 gAA
drpfmtimimird sl cd e st AT &
oy e wat gt % I i srmegem o

Yot gt ot i Il @ agedt & st ¢ folt =t (2B
o ) 3iE agl A Y I EIE FH BN S W7 IV 9 et
i & i & aned e eitmaEy saEl & oRie 99 § gie B,
T &= FH Erft| 3T, 98 R & oo ¥ e |



2

T - fermnr fregt

(One Sector Growth Models)

T SR N e 50 o2l b freeil ot a0 ¥ frad
s farm ¥ fagrar @) R Y 31 A @ ok | Bl &
s # sl vea fra g ) 0 9 o a0 9w
Y syfres 1 Frer Freelt o syramiren w3

Eig-2r ¥ wver Foraw frayt
{S1mple Harod-Domar Growth Models)

2 315 oty srdaedt R o §T Y, oY ergear i Frfna wa wft
by &7 g ot @Y qra [ 3 26t vt = e 3 e et
T WETT ¥ o T am-gha 7 A A S Bg e & S
& wx mifE enfomrn # sfy af agew & o7 W @ W ¥ R
AT § W AW X oy Bl &% o ¥@ “An Essay on Dynamuc
Theory"'# yga By i 193 & Economtc Journal (U K.) # yarfie gt
e & W Y 1045 § a0y et & orlt gEw ‘Essay n the Theory
of Economuc Growth'% g P | &g aar S 3 WHfiaor 10 & &
gﬁmmmMmééélﬁ%ﬁmﬁwaﬁﬁﬂﬁm

(1) fraferer e & fore el 1 Qe A 1 BT vy 3
o Bt & w5 ¥ v # af R sredam At geaRd e ¥ afe
)

(2) ST gma ¥ g% ¥ worAET o-SEER H 9FET IO §
Fhx A & amn Aemh Hafz SR 2

(3) et & oo Ao e ARy ¥ T & A A iR
o avd B Remh § g R ol daeis srger & 09 iy 3w
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H goh galw & afx & smaer 2, fred & afnm G wew &Y g
G I & @1 aiq o &Y iz & e gfg @ ot s @ (Full
capactty rat~ of growth) #F Tifew

(4) Formmar &t eegfem &t e & ATER o el R 3 e
ot folt a3l 21 7 =@ @ @9 59 (propensity to save) ¥ awEw
H

(5) ¥z & Befira o @ Frenfr o gfis-zn o1 3 e 2
(1) fomm e a7 @ gr=iia® < (Actual rate of growth)
(n) formm oraa @23 o anfie & (Wamranted rate of growth)

(w) fomm s o # @t o9 s mAnfaw @ (Rete of
full employment)

frafira forra & arola amafar qvaar onfz @i s @ &

(a) awafaw @ e @ & Afas E7 #1 G & sTderamn e
WA = F1 AR g adr )

(b) arafes ot onfie ox & 9 & o g # spdemmy wewd
AT (Crotucal) Fa=hfa &1 9iR ygwr &xr &1

(s == =% (Trade cvcle) #t Bmfra frrg & oo & fmfm
AT T R

T 1R %8 76w ¥ Fr dieedm el ot geer e 3
& B g% arrla B ofem & 99 ot & srore P s 8- 9w
ﬁw {Supply side) w1 e 5 97 (Demard wide) 1 W’Iﬁ?ﬁ
ot T AT IEeT aRaT ¥ 9 g B S A aw &) e
whafien Free & 3ot off o0 1 € sroam B e s opay i AT
I TR TG R & sreaa Gy mn an) gk fawia, o ¥ e A 4R
Bwm w H o A o s few e {1 o, B F gdeeta P
oo fraet &, safn Wiz-w fet & GR-oaw & o g & iR
foray mar & ) RS- Fraet o7 ¥ g5t OIR F Gegew =T ot T @ gt
B & e 3@ Bt 9 Froen o vt @ wa g ¥ @ R faom
W kY T W ¥ w9 4 wveR o Iemed wwer B 3% 01 @
€ 77 anaias T % TR J8T IWHT T H o 3 @0 g7 ey averT,



13 oF-Enf1 e freet

SR e 2w @ s, ek wfomeaey safiEt #) awr R
Py a3 st et a¥h) P s e o g o A o T
T Frdeaean o e o deaw @t &1 avaud, =g ¥ afond aen B
ERT ST SRR F He B BT AaTE ) e v #, d-dm
Fradt % =w w=a @ v (R @ AR-gin a-aw & e
=ife, arfis Seare ¥ 9ot IR e =W ) Froam @ a w )

e e gt 1 avergA & wdi & et o wrar ¥

(1) #ferr freat (Statie Models)

(u) ST e meareres et (Dynaruc Models )

e fred atds =t (amr, e qa $) oF o s oE
farfive e a¢ ardererean & st e vt srera R, s yad v wEA
(Tume lag) & &) wafirs Frt o9t =0 47 vF awmafs § gwmdf @1
o &) wulg 5o aea o (Tuve lag) 87 8) orety 2 Frast
¥ o Uk oreag & WAy e o1 wme g, qfed aa fem
3 ¥ a7 o TR ¢ T Afer 31w Sy sofdE TRt 4 o
fordr s o evear B

iz v g & wifes vt
{Static Models of Harrod andDomar)

oA (Assumptions)

Hfg-zim ¥ =% Frzt 41 g o freffaa @

(1) @7 =7 gt deme = Fremm 81 qaF otrla enfre & ffir
frm e mi i

11} forrr &1 gof e &€ (Full capactty growth rate)

(u) Forr 21 ot TP T (Full employment growth rate)

o 0, G o7 qof e & ayra ot 3w ghiv w @ @ il
o afia w9 & of oo A @R A b A e @
o T G 2 ¥ qf A9 &1 ages SREE ¥ & frwe $, mw g
ferre 20 & 4nt & it afemer ¥y G =1 e 1 avd @ o ¥ ot
o = g wd &) vt G- s w4 s s R

&
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(2) T aeRR 1 A1 FRAg AE & F A & 98 RRwr-sm B svaig
T anfils Sraz & s Fan s i

(3) w1 o 3rare w w-Fhe A A w iR Y

(4) e = a1 2t Y st vt 21

(5) Tt &7 3 9f e w7 w@ B o srmaEma & = @
% e T Tm |

(6) a= 2t ahud a1 Hima ggiet @Es 8) sl Ao e et
e qer S E Ao # it R R

(1) G5 T (SR iR o 99T w1 R, K/Y) R E

(8) @fad AT {Intended mnvestment) T Jrefas Faw = &1
374 i g9 (S) = artes R ()

R At § @b wEwas 18 ¢, g e e & e
T & St & qar srfves Sfed favde & g e e o o 2) et
(Y)Frm (1)aar a= (S)@d 776 €9 (Net sense) & afonfia i & av
#, 75 am e & For e & oz ol & o g fag @ foreroer e B4
T & et (Domar's Model)

S Srfertiaa et =1 T Giee vy 7 P @ e A o

3 Fram gm0 seeT wme & gfe O & @ s ww ol b, A
v ez v § wae gia g e O dem A Bl o oo g
R o ofg &0 ol TR ? g Pt & s e Y o w B
B o ST S Ry o) AT E) W T & w9 § wea fm o & e
3 78 |wTn F1 g e 9 e

T 1 =sdenamn & st fim o anfiT
5 = 7 arTifed @TH 1 97 ier (Dollar) @Tfis e

G
K §= TteF A F aiiew wen § gty o fir 59 senfa
G wwer (K) ¥ o gier @ 3em W Wy

wm gAY AK
AK AY
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e A Y=arafas o § i
AK=Ghitghe
i AK
— = g §
Ty T
Frgan fra Gk e argum
Eecifeictivic

AT S TR A A G onF F7 agern | 33reTrd, afy
OF TR Aafen g w3 % g 2 et Al S #F st B, &
S AW 12 3raa 5% g af ) ¥ TR o 2 A @t | ST
eor # 9 978 SF 1M (1 tumes S) <rew wiaad gvft)

et vr T & 76 2E BRfme Gh @1 of v saer aa & gfe
¥q 5 7€ Qv ¥ E UF o adaw §F ovwan i 8§ Rt @ ¥
sfde & s B s e @) afz Y & @, (sraly, g o @ i
FrAm ot o # ¥ o 3 Ry ow nregen & 7% Few w fae wa
afed) @ PR & §fE & oRemraET Ieed emar o7 gfx SEF oW
w78 €ft, wog To @A wen & & ¥ ew o F 11p0 & wiE ax
wF €| Sam o = oww, G FRm & g et & veree Few
Tt & FeaRe e & gfg aar wept srdeaam 1 3eTe g R aegeR,

g< S

¥, o F1 1 s § I % gt &, et fdm o gdw v
¥ Y ardeasar e R aF ¥ 7E (lo) adeREn ¥ g O ww
Y gefifa @z §) srderarar @ @ A 9w gteg I @ T &) Tl
I i R B g & 3w o B, i B oo @
@7 gw B ¥) ang, s @ A ow o 1o ok @ R1 fRE (D)
17 & AT 410 T W et 21

" o B & B affs gfg @ ALR, Im A Fdw gla AY
& e & Tt B o 797 ST @ wERia ww §) wa o § o FR
71 gfa ¥ or (1 /a) T €t arafg

Fmg ¥ oy = v X fRm & gf
st AY=(11(AI) 3))



apifiha few 16

g F1w 3 ST e Srgar Hi o 8 |
afy (TR anfererr g & F of dem & Bl § 2w
T AT I & F S §F TIfed | STdiq U I T e
T W gfe o @ Y iR it gof domw @ FRf fremm ®) e
faet o o et B e € o &
AY=Io (22)
i

3 =Al = Io
a

. i
fdr @ " g e & gfd 19
g Exe

I & s gfe FeaTe g & A gt
wHi (22) 1 foa o el o da &
Al
==
T ST TR B |
i A1 _ R arfis e g
" T 8 A
= FrioT & P Y anfifs wlorra @@

T T (2 1) 70 g g
Av=1qg w
a

oo 23)

TSR %A & (By wtegration),

Y= 1 1 (n)
11

(1) () TR R,

AY_ (ra)al
y {ljaM




17 OF @ty faamn frgat

AY_AJ

s 25~ (24)
A TR (2 4) @7 (2 3) & Fraforfiaa ot aw Fw &
AY AL
Y o (25}

FEm )t TR A B ey T
v & i FRw e o ot Al g 978 T oo F awm 2
IR ot YR 2B T A @ Bg feme o BT (1) e avates s
(y} # anff ftr 9y @ (avwmn Sl sma 4 &0) fow A6 =il aar
T o A ggf am A %t sften I (G T @ s st
) & AT ¥ qUR Oy Sy’

TR TEELT
MAE o = IR G = 25% g ad
o = a9 ¥ = 12% ufa af
Y = SR U A = 150 F0% &9 gftad

90 dere Y & A ¥y
fimT 150 x L Omxam%mﬁ-ﬂaﬁm
w@wﬁéﬂmmmﬁﬁﬁrﬁlm

e 150x12, 25
I gma § 9 = fo e %06 45 FT e
= ot ST e W O 8, a9 UHT T i 4 5 3T T
# gz dhi

Frw 3fg (o 3,
¥, v e Rk = e % o %)
ana
1 The answer to the problem of what rate of growth 18 necessary to mamtam a
state of full s that (2) and ceal mcome ()

T SR 2 5 GHDRIDN Aanaal g ~mq,r\.- e for campound antpeest ate)
equal to the product of the propmsuy to save and the average productivity of
nvestment [the nverse of the capital coefficient or accelerator ]

Domar, Evsey D, Esseays w the Theory of Econoruc Growth New
York (1957}



- 100" 100 _ 12 25 _ o,
150 100" 100

o gww a7 & afrad 3% # gig &l et e oot e ot el
ah @ Foradr Pr dofma angen A wfuan 78 &1 (3 @, gfRw i o,
741 ¢)

FderE F =T o ¥ fe 3@ T o1 qf e o e gatvan
3| forar o & (o 8 g #1 3 o Fevred qwen 1 afa &) & Fré e
&t ¥, @ {Ed anderren 0 SR ST AaReE I & | I
IR ¥ SR 97 I E Seeend, of one i ofy seaeeme 9 9
& ofirs ¥ a9, vl A A w4 A S, ey sfommaeg ord e
& ohify o Bl e & et g Fewda afz, o 8 ofs sowT awr
# gfz & 37 & a7 3o 31 SwfE e faws vRomEEy sEEAfa
afes g & ey

THAET (23) 70 W2 & B o foer s fm, st & ot frem
& mn A, 9% ons g B 3 v, o R afes g
It & wfe g arA-w B @vft o weteg s # afies o &
afed Rred fifira s (Idle capacity) & aar o1 &% | 9% o 91 g
i & gfx ® fnfk Bt 8, ot ot i giz ¥ FAm o gl e
A ¥ R § T o 9Tg & 1 98 o ER @ 0 ST a8
W TR wderam F1 R (Delemma) 31 a0 Fw 75 &) aft s
iy fim sveer 78 far & arx Noml I f wAh, vy af w7
o ¥ ofa w3y wiw B B o & @ aw o o Rl A
SR §el, i aftfa Gaa1 F ST FR A1 6% qar Fa e ard i
¥ s w7 A 99 ) 90 Iis Th ¥ W % seeey am
=t of Akl @El (Day after tomorrow) o= & sl ¥8 33 ¥
o & F srderamn @t ol Rfy § ad vay Ry IwA) @ ol @
@3 § s B, s A% Y & v afele & it aw Bl ¥
Ferotier w4 &t s & AT SR € & A G ad Rt Y
W ¥ O e 91w § s o ) o 8 o O & v B
1 e firern & Roers 0 3ot &t o0 ¥ g € & aar wma w AN
i g wEaT B 1| 3, AR G A Pl a0y ¥ of srfire $oh Fior
Fn SaTE @ (v @ yghr o & g € avan 7 v faw wma fr o g
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Faf w2 2)| 5 & e & ae g B a a wr afd) owly,
T o A R gRe ¥ wewey B ol aneh wen & afg et
TRy 56 (FAm) somer am Y ol ofuw i et Frad = s
{Under production) 8rm aur §oh & o & ) §ofr 3 5 onvir 3 0
3 &g FAm & ol oY ol wied anfe s w8 A e w
= 8 T

siafea frait & fmda % B & ol g0 8 & anvar Al
¥ Fradl % frala o B Gl @) arfierd ot o #) of & wmar & @
& freet el e @ f6 e fomm &) ol st 8 @ G s
oo & i Y st @i st 18 )

¥ w Freyt (Harrod s Model)

B & W &S off firr oY Frafia & A v ava & a3
o bt &Y fafde awar & Rrd ary onfils swa Fesfia & ot &) bie
& TN, woE R ¥ A § (S = ) 39 Frewt §, ondera # of
o 0 fey e B v A

GC=s (26)

agt G=mmm-97yaﬁqua
C = Fremndis ammaty & $f ¥ 3K qur sene # gfe &

I
AY

.r=a*aasﬁmqufa-‘—;

wft (26) B Rt @,
sy 1.$
Y aY Y
et 1=5 (2 6a)
Fltrr (62) = wan & G5 s & gf srEr awfiw
(Ex-post savings) §Ta FA7 (Ex-post mvestment) & uom b1 @
Seftetor & Fren & saamien @t v g g §



affiea el 20

(1) == ag-mw ok w8

(n) 7 9R 2 gfg-m T Ak 2

fed @y & wror frere (Acceleration prinaple) Fiigw 2, oy
AT oY &Y gie @ =1 wEigaR B o =g ¥ P aewT @ et S gl
@ & g3 & wren R afg of sffwe @ e gm s A glg
R

&% S ARTE WS T ST /7 @A §7 (Ex-antesense)
B w@iew Brm B O o9 @ @ R @ g O Owm s & § afed
(Desired or planned or intended or ex-ante) =@ F¥ atwa fan 3
FRA AT g ST W AT |

s e ¥ AR, Tl smog afwo, & fr Pl ge &
TE 1 & wxdT 8, e pAm

G G=s

T G, = 3@ F i@ @ (Warranted rate of growth)

G = &1t a2 mm ot P semer 7 gk ag T A
gig #t anfig o F F= yFR wfonita far o Ewa &
m—ﬁﬁﬁa(m%]ﬁ%aﬁhﬁﬁzh%ﬁm

% fo2 omav= & g fr oot #1 avem & B3 nd Fraw g O e
ekl
Lagea s qnﬁ&vﬁﬁg&m[ﬁ]%s‘r%m%m

= e @ ¥ onaves &, A aniem @ o afg % wamey IR
fAimA g o e m e, QA mmia

G, & yafita w1 9y 7 i ¥g w8
377, Wiz Rerm Few & & weerg! el et &
GC=s (2 6v)
@ G G=s 27

et GC=G, G
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A (2.7) Ft wa ¢ B andarmar ve wm A SR A
Rfer & &, ot afoa i anfee qaa & e @

R 3 7y @ R el (1) e o e T @ Rl w d,
s Frafra Foermr 71 v &) awg &, sl frem & g0 ovg i
o g 7w ¥ g el m e

(1) 3R G (Frem & T=dfos o)) G, (Rem #1 30) & s 8,
T C (5 &1 anatam wm) W1 9e () & W am i W
TR & &t ot ol & e, o g oY S R v &
wrfrs B orar § s v S srue w9e 8 S At
e afam a= & o &1 TR qo IR 3 S & Fw & afeh
g 77w wE Ay 5 0 3 N R B o g8 Wa o & S
% T JrTE 9T B R G ad ee g e

(2) f awafrs wE § Frarm ) onfre @ Y ot m= ot & o
2 &, st G < G, w7 &t w1 avlaw wn sveRs 4 G & ofyw
& T, s C> G, TR TF S WA Rl SR vhe e
@ we ¢ 5 afva g9 afis Baw 21 oty wifE @t aon e
Y BT IWET FRGRT T a1 ghzr o g6t TR R, o
T R # g W ao § F7 R A monam ¢ Rem AT 1

$e Hwagan- Gow G, TR a3k G, G, F
%, o g7 38N gy ol I g A w= wrem aar ot of Rl 5 i
i 3T o @i ovg R 3 e ¥ e 8 oF 3= €9 g A
¥ 75 37 @1 g TR 3 W stwar Refa @ silteaw eenRE
¥ T 4 W o yERE T wEw o0 St A ad e
g F G, 70 Ky fem e & e FEE 8wl O0f we o
| WHRTER, FIRA & @R § gig ear Safe g 8% o s §
gt aftafda off & @t 81 7,
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G,< Gan G

T G, = fEm ) yger  (gf e i geeiim)
G, = Fam &t spfe
G= ferrg oy aaferss Q

iz & g, G> G,, B = § srloran #1 fem fan o
¥ o o % G, (35w €) o Bl qv 3 o s et @ o O A
it 3 Fnw ardetewn & G, ¥ w0 gie A & A

9 3 ¥ | s o oF aa R sdwaen W e e b
ot aly @ wach @ v gfe € wEd B S o ofg 7@ o e, @
g = Raftr @1 ik g 8, TRemeaw T 31ft SEA (Over production}
B T AT T Sy 3 £ St

area & e o yiatad ¥, qar & Sl gt & el @
= T & oo g b gl 9 B E G, 'O e S
o K @ s s it o9 aar S ¥ oo § gy frt ane 8 gfe
7 & wEh )

airfa 9 Fan &, =m@w MW ao dw it #7 and @ S
INIT FEr W fasig fag (Break even pownt) Frar d wp R #
FOIET FOHF 8 o & | T v ot & o7 7 & e qar arew
# Fam a7 g e B’

wgw tire-grw freat (Combmed Harrod- Domar Model)

iz et * weramgE 2 et & s Foor on wwer &1 2Rt
oot o o & e o GO 9 @y W B T Bt R AR
§ & afsa gw, & afoa BT o7 @9 Ao o i agfaw & e ST
RimReh S afsa wem e/ aifea Frvr &4 o,

S-ay 7T} @ = v o HAE g
{MPS = APS)

-
T =vAY TEv= s (s )
1 Prof Hicks has analysed these constramnts i some detail 1n fus analysts of

trade cycles He has zlso defined the Harrod Domar analysis by wntroducing
lags and monetoty factors



23 @-87 famy st
378 ¥ & oot I g O,

e aY=vAY

(28)

ara e @ s i e ¥ onm 9 gk a0 S s & x 100% sfr
v v

et aRi ar fem A IR B ao T s % @ Famm P @
v fawrr @ Aghe g0 s % SR w0 Fnk a8, o B o e v
BT (o0 A 1/v) g0 PR & 81 fene A 59 @ & a7 SRR ow
2 ¥ B ween @t & o @ 9% o ww A ot arfiw & 3, R
d ad ¥ afifes afifr e ¥ oerawa aftfa JmmeA 1 Iwim B st e

Sfers Frae? oY dhmr (Lanutation of Static Models}
#ire-Brae I et Y il el wt sl o

(1) 5 et # a5 om forr st & 6 eyt srea 3R, am A
g3, T el s, §of-am argom, aw-fal sgma B d) amm
B g grast § ety & ofiedt @3 B et % o ofedi % seraey
Frafive forrm 3 s ot & ofeds 8 ) 2R 7 ogewdt & et R
¥ aftedr g & a frer @0 & oft afterty € S qunt et e Y fifde
78 71w R (60 o7 o A @)

(2) srdmzaxa it & gfa (arvan ) ) sner 7Y 3 R
IAET T A AT Tt ¥ GO § o A Gl % = o
G5 9 o1 ¥ w o g TR St wEar ¥ o g Rl B, Prafe e
i i e i @ ot R

(3) W Freell 2mr we T 7€ & w6 qea wftedy & Rafin feew
WA IR ugar ) qe § oved aRads Rl ardemamn @ Amft
srdorawr ¥ afafda ot gwar 21 o Afy frafor & ¥ Fraet arfud swieft
i 7 € wE

(4) Pt 207 & o o it o 7@ aga @ o Bt BeefRea
ifer Ao § onderama @ st % fraro ¥ 3 Feet o wward )
n Pt 3t & awen “wfBr’ 7 afes ‘T’ &) qafy S a-
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frfa e ferrmiet svdomammsit &1 awafve wwen & ad €, ooy SNt
gaT &) rderarar @ 3t 6 fory At ¥ wor - @) el T
# vy &1 Fer mastia sin @ g2 €, Fawva qunar o e gm wm
%, vy Preentiar 321 & e &1 FRo1 ‘e o 3 @ Frms s
¥q & Freat ¥ g wga A8 FR

(5) 77 Freeil & it & omg faererer @ faaw 7 P s @, SfF
iR & 9 %)

e qur T o T free
(Dynarmuc Model of Harrod and Domar)

iz aar S & wAfew Ben % gea aar Bler Y e A o gt
¥ 5 anea § afea Frfra (Ex-ante) s@man § aom wn (A7 § 7
SR aE we & AT A o & waFE freet § sed qun o et
i fret Mem namy & faera (Lag) w9 @ ¥ wwoia & B FawT ¥
Ta B @ framn T w e aratq @ 71 e el e frees
at Fe e &

HT T TF WS A= HITAF Syar Y Fo9ar 13 &, T NdF Gawat
¥ s AR w s wg Gead T8 A ¥ (svaig agst aa dni @
ST g frata € € )1

& R anfes o W emaa @
S-F Y = 317 1=t et
K=§h, =% war 1=y

& i &9 ¥ 0 orawan @ far gan forar o awar &
1) TEA-3T STIART ST A=A T W Gy F F I oI
Pt 1 EwT R
s
Y
Eec S=s5Y
(u) G-Frrla srgam sraan o fergra 71 R s afoufan Fem o

qFare

s=
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-y ¥ e
K
vB
Y
Ecer K=Y
(u) = frr 71 o e afonfs Ry s ewan 2
I=K-K,
aet t= AT
(%2t T w7 Fra e T d)
Ty A RREY,  s5-1
Eed sY=K-K
e sY,=vY, -vY-1
Ecei sY.=v(Y. ¥ ;) (29)

T (2 9) & b ¥ Rz-dm et 3, I o (1) e

e {v) F g vy f v Fxar )

77 ¥ a yREE w7 ¥ faw, @ few g Rrrmeng @1 B

e St B frem-tg & Pl 3g w007 9 A W AR B W e
H

Yo=Y,
-5
o o= wE Y, o & FEF el (g o= 1,2,3, )3
T IR,
Y, =LY,
1-5
A3 1 A V:
ey s )y -y
Yz 15 ¥i V-5 l'v—SlYo (-5 °
v v V: ‘J
RGNS AU DU AL N B '
s = Y [v-sJ (v—sl‘Y° (v-s)® °
o
o= 210
f {»—stY° ( }

my”={1-§]lv, (2 104)
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g (2 10) 50 == & Y, (TP ) #7 5 wa fE e
wrmafy &’ Y am fm ga s B on A @ owda aem-fe
O FT T g § S & =iy GRat =7 (Level of activity) araat
Y & w7 g T ST A b1 gen SR e e i o1 ae-n
m;sﬁ%mf‘aamw%,ﬁmﬁmmﬁmkmﬁmﬁfm
fesigd]

¥ T Yadew | § Wi )

v

£

— roMEF 4

N UZS 0

INTOME Lye)

TIME PRRICD (1)

Ren=r i
%%mmﬁ@qaﬁzmw%[m——'ﬂ)lwﬁm
it T srqumr steaT = wvwE wﬁaaﬁmv@n% Ecical)

e 1 ¥ vgf Tad & O e me ) Iae, 7fe
v 4 4

s 402 38
s o A ofe ¥ womew (L) = ()i of avi ofs @i
V- 3%
S wE T & wE-ET W
e A S % wefrEen svaer fewl

{Harrod and Domar Equations or Models Compared)

Taf oy me ¢ Fr s S 3 i o e @ & o s s
" frerd g € 8, g St FrevTl B g wemm a4 o oft 9 i
2, o1 Fr b gom &
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|umET {Similanties)

3t freail o sxfirerer s, T # ) vt 6% Frawl ) arart g
AR (1) T o o fRafr Y W, (1) 9% apderrey # w,
() e T shaw T w8, (n) $R-RE g Fenes X
%, (v) h-Frrka arg ot R, (1) ot e Y e, (v A
TR T B, (vi) o fetem o v (s wmen 3 ) @
vk 2w 2 ayof g9 ¥ At A

(2) A snfafedt o fraw & B opf o S R ) @ @y
¥y, & waiw g € s 8, R e s awres @ anim ey
N &%)

(3) A ardamht v e ot wwwa R 5 fR § afg & oo
SrmeTen ¥ 9% Ol & o anw 3 9 5/C,F qua k) om g A b
& o it gfer g e & af o a0 d W &y
HEIEAT {Dissimyanties)

2t et # g wevayel orw By R

(1) S Frder 9 o o W IR & amg FA F amh @ @,
oW # ot &, ooy 36 fela 3 Y @ Rl w0 aw i & e e
P o weares ¥ wafimt g orpifrd oM o & U A S @) srlq,
7z ¥ oy freet B i SR A WIOR B SR B, 967 I9R OW a5
= APt aei A R 3

(2) 3w Y G-ty gy g e A FE g g F oaw
AR g7 PP g weia e B, weg B Y 3uk T 8, T oI
A a7 qar I SR S, FRA @ qE i §fr Feir & mer
TR Ty waf e &

(3) &fe ¥ ¥ o mmw PR & qer o A7 fmr ) M Fim
(Induced 1mvestment) 377 & afik I weraEy T 87 gfE ERT Feww g
% Tan e ahrem wm R andt @u W B &) www i w
nfererty, g w wEh s fre onfs ¥ g s dar €1 3
a1 A & B BAw ¥ e wrT it sresr oniE ot gn amgds 8
& o v & v s ¥ wmw A o gz & & @ s SR @ad
Frim 7Y ag & W W e Fray o e & 7 o @ o vl Bew
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) yitfem =5 Wis ¥ @mnhe ooy & a9 & s b ¥ of
Qe war iR 5 gfe % aged 1

(4) ¥z 3 & foFm o @ wreew @ w9 B &, afs op GRw
frar o &% f oof Qe @ R @ yw &R ¥y @R o @ s §
B e U e @ W Ezw wr

(s) B F1 Fret wpien Formmer o @i or annfa 8, g G0
= freat sregets aFiE & yrog X & o Al ST St ¥R e
[aRd]

(6} &tz ¥ Hrmma goft-Frfy g o v o @ e & qg ER
3 i - st ¥ sfcing e o 37 s Brar 1

(1) 2 ¥ =i AT Y wids Rew-sa 21 ofim oA 8,
arg ¥0% & wergaR s A Y snfde Rren-va & gue fRn @ awn
H

- st o e st
(Basic Harrod Domar Model)

aftrate svear (Mathematical Treatment'}

Fie-2m ¥ g Frdl & oraa orderasn g & &t # Ronfom 7
e wmar 31 @ frewt & smwio ag-awm & wger 8 oraed fe ST
R Frel] o & =iw w3 @1 of g, awa sa Fdw @ o awm @
YaTe T4 ST T % e i &9 @i &1 g ol § a9
& Fr om-nfe ¥ wwmgane B @ @ gig 8l @ aa weg-arew & AT a0
Tas @ T & s 81 G5 & qof oA oW & Qo Jem & gerT
F S &1 oW TR IO O & = a Pl e 4 qu-frem e
(Double full-employment criterion) & & & 7

I e 71 fafiem i et 3 st & et & fnfm s mr

(1) R omF TBTE (Fixea Cocfficient Version)
(u) -t MEER (Multiphar- Accelerator Version)

1 RGD Allen Micro Economic Theory 1970
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Rt T wrEET (Fixed coefficient Version)

T IR v & P # R e R s §, sl e
¥ I o W e fen wmn & e o w8 omafy, e
oA 3 St 7 & i fBR S & few s &) sre-Sk F
M [RR gRrY @ AROEEK @ T e Wl EeR d
(Differenuable) &1 % < 3177 (y) men v wifes (L) B, i w2, whr ywd
e Faveife BQ ) §oft &R K ot §w% 31w (Denvative) A K ¥ frw
Qﬁmm(ﬂowvnluc)%wﬁmﬁﬁmmﬁl

TR AW ¥ wger F) 50 Wi & gt e o gane o ¥ vt
Mmm%m%l@ﬁMﬂmK=wkwﬂ
y@%mtjmmmaﬁml-—nykmﬁswﬁw
%xmrﬁ%ﬂm%mﬁﬂﬁmmmﬁ%ﬂﬁmmm
¥) W-TIR % HegeR U e B0 ki g b, 9% amenfs oot
QTR Y Wi = @

arrg, Wre-Brm % 3t Frge) ) fy-oms zare # Frafoien s
(Freet ¥ weftael e i) ¥
wrand srwar freyt @ wfteRtor (Assumptions or equatons of the
Model}

1 K=vY R Y=
¥ K =%h 1w

5 WA @) INEA we A wiRer IR &) wE e e
TR (y) &Y 3 JereR @O Gt (K) @ et a1

% WER, 3 R T u, W TR ®R A aray eafra axar

¥ i
L=uy T Y=£,L
wl u wmr-fria ongTm
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ag g fag) (&) o0 I ot TF s oY i e &)

(2) I:%{::Y = (=8
m I =fEm
s=amaEr
S=ga T
W W g e g ¥ F fres §Ef afa & e & awar @ A
fam i =9 Ffaw w0 8§ que @)
3) L=L,¢
wdt n= g~ 7if &t Tnfier (arpfer) fsm 2
L, =37 o7 ofs
= gty

a5 gl oAt atar § 6 o Wby § 8wy & arg W uiE ¥ 8
(Exponentially) g7 el 81 sraiqsm 1 (i A Rrm nd gl o

A£’=Alog1,:n
L

IR o-uIfFF L, 3 @R (integration) FR TUEH SIH A ¥,
log. L=1log L, + nt
L=l e
R, m & ok o @ oy A gR 9 o S S

(S e v & wionfis G 8) 9 53 Ay P R s
Hl
L=uY

o o & R B A Y 1A OF 1 I K R 9 ag BN L
=17 e FF 2

AT ARG HEA B FIeT HHHT S &

L=uY=1,¢"

oG ot o € T g @ i d-dm & @ e (B
=) # @7 @ | Y, K@ L& a0 7 ve ag-arem T a- e
¥ fefatas wgr e wdwT a0 ww far
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K=1Y - gt e RCT ST o
=d—K=:Y - Td TR AN TR Cu

L—u;’=1..,i" - T Y T S W
w & sofe w=ay f)
EF (Solution)
e 7l & s,
K-y

I sY = vY {mY:-(TJ

m—¥=:‘=3wm(w)a:§?}“7mzr (212)
¥

Fredt e Brarg A wfenPw ol s omr )
W

]

kL hww
dt

= {ads P anfear

wix

s fw-a;hﬁaw“zzr
G, AT 17 S T & 5 SRERE JRI ¥, v SR A A
Fe et oft wmafiy ¥y IRA- T AR €
Y, =Y, & (13)
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iy 37 & e (Exponentially) &9 5 gfg St &1
T TR, WO T 3,

K, =vY;
T (13) & Y, 51 HH @ T EA W FW 8,
K =vY, & =K & (214)
Tt K, =vY,

St G 2 i W wer 5T T A k)
T, TR L - uY5R

Een log L=log u+logy

24
Y
=§=g=muﬁf‘aﬂmm (215)
e, g (215) 50w & T o7 9 feem ot (o 41 i)
TR B e o ¥ I B iR

qg, FREITE & Em @ mnfEs @ (oE-98 S s d) nd e,
ot dee wgeR % Ry § sum@ 7€ (Fundamental Condition)
Fipcitech]

g= > =n (2 16)
v

i i
fame #Y onfre ot forrr o1 Tapufas
SERF FHFETT (2 16) & wge g 1 Fufe &, @Ft =T - v, Kaar
L~ % Frafi s oo P e Frp s e &
Y, =Y, &
K=K,& 217
L=L,c®
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@ g-ien

7z woha & e ¥ aftores # R s o sz 3 B 8 iR
Y, K, T L, I SO g0 3vgE Y § @At 83 iRy, sy
K, = VY, ¥ L, = uY,) 30 38 uvmgr »87 & smvrwen §) aveomd,
R L, F w@ad JRAE 0 (97 i gry o man) A R ey o B
T @t et & @ 17 &Y L, % ot 5 e g e o aw @
vl e
u

K=, e (218)

L=L, e

Lt g=l:=n
agt B e ven fidar meept 8, F®iifs il v @ HE-dm &
et Fraalt & it wlt (st an st I g &) et g e o) e,
Wiy K = oY, r={xmm%,ivﬁ=zizkmmmﬁ&w
SRR B e Y et sy
I T oo
v &
ratq, 7% h-Fela s 78 ¥, wifg v Frla-Gt o &
ar 81
TR~ areTRr (Mulupler- Accelerator Version)
TR ¥ sty R e v &) fefier sne f-Fri sgaa
ST e F w0 A R ok $) w ageanw fie fdr A e a6
¥
K=vY
vy afsa §eft-wts sames @1 0@ fm vt (Constant multple)
¥ T e & 3fE w # frar s 8, wiE
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AK=vaY
] AK ¢
s =20 gfa &9 # (Incrememal) $5f frf srgara,
y

ety afisa -t & aferds Fere & aftads @1 @& o (1R
T AT Y IR A A ) B TR fen o g &
I=vaY, Ti=4K

37ty @ g % ITAR 78 OF P worm & s @ G =
(K) %1 o mwe w2d off & 91 1 37 T TR A Ager w8 PR
¥

f=va Y, ~ R e T
1=sY —» 7T g s (219)
l=uY=1" Y ficadicd
=
gy fafir & srgam, ew Fenfrd e W et awa
Y=Y,
=1, & (20}
L=l &
wig===n
TR " B T et

lL,=sY,@ L,=uY,

aﬁﬁmﬁ%ﬂ%mm(m)ﬁégwfgﬁaamﬁ%,ﬁmﬁﬁ
FaT T/ T &

I=sY
Frad] Al=sAY

Eec AY=—1AI
K
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T 3 Seaet smne ¥ qfe & el &, e o Gemedte o e @
(1= v A Y) farb wory 0 & fs &t @ o g1 1P o v
7 gl 8 & ot et 5 2 0 e Gl 21 e T et g 7 S
3 gfz & h av o g an @ Faln Bew o s IR
¥ v w0 & rehE /)

Fropd w9 3 ko 75 Fw Ea § Fn -0 3 g Pt & 2t wnww
anfde amen § fm ¥, w6 ©r frle S s (1 = Y/k) @ memn
W iy T 2, fedt, aRg-aem & FR ged & ol fiw s
Pt s (v = K/Y) o ok & 81

il & & ¥ f s e @ aun Fafa R @ o @ sem
(uraque) T TRAFW 8, A g =s/v=n

w%wm,wmmmﬁxuymmmmn'g
mﬁm%.mﬁénw!:%ﬁammwknymm%»

wwaafi fveror (Penod Analysis)

- & o freat & SR sl Y sl sy 3 o o7 B
T R WY, (IR Svar ) @ L, (W o) iy dok ¢ -
0,1,2, 3 yare = oo o 8 Gt i K& ot s raua @

K, =vY,
am L =vY,
e ¢ i ERw LR,
L=K.-K =012

R §, wa frova % gy # df Fwead & omwln
m—u’hmm—mﬁf%wr«wg=u)’,x‘1mvs%mrmm.zzﬁm-\1ﬁ
B YRR @ A 4 F U A R T A7) ooy Wt i, few
s s e G &, et & n i e A &1 s

YW
I

L
A Ly, =L, +nl = (14 n) Ly
I g ww-nfRs L, 8o
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L.,=(1+nfL,
(1) 373 wad Gt (R0 g i) &7 O arwan #1 9 e

K, =Y, TF FATET B
T, wFFE T A @ mrmad e &

K, =1Y, ~ Ea
Koy ~ K, = 5Y, ~fEm o Fagwy (221)

Lo=uY,=L, (1 +nf -T&ww

T (1 ) ¥oT I ¥ e e & RroqaTE ceRw (§
& &5 &) & o (Assumptions) &

T . ST F AR, TR TR,

K o=vY;
K =vY-vY,
el KKy = vY~vY,, = s¥,
e WY~ Y,,) =Y,
A 1A Y =sY,,
e AY_ 5o o At o
Yoo v
N Y- Y, -
Yo
Hem Y={1+g Y,
TR EBE R VB =12, W RIASRHAL,
Y=Y, (1+gf . (222)
T TER,
K=Y,
=v,(1+8)5 Y= Y, (1 +gf
=K(1+gf - .. (223)

&7 K,=vY,



3 -8 Frr

st ey o ot QR 1) @ e W,
L= uY,
—uY,(1+gf WY= Y, (1+g)
=L(i+8f (224)
Ll L,=uY,

W(zu)mm%%wa&mﬁ@maﬁﬁaﬁ%m
gﬂﬁqﬁﬁtrﬁé,mmﬁﬁgﬁzz{n%mag%lmﬂﬁzﬁ
af s e Ak @ &

g=n
mﬁat‘aﬁmﬁﬂ\ﬁzu=mﬁmﬁ%m
mzzsﬁ@ﬁmﬁﬁzﬁ%waﬁﬁﬁuﬁﬂm
Mamzw%ﬁwaw%mmﬁﬂmﬁﬂ
Y,=Y, {1+ gf
K=K,(1+gf
L=L,1+8f

(2 25)

(2 26}

aTl g=L:,=n
(U)Wm(w-mm)%m@ﬁ%uwm
m%,ahﬁﬁnwﬁﬁﬁmwmmalm

L= v(Y,-Yn)

S T
w vUyoy, aY
mﬁwt%ﬁm%ﬁm(mﬂqﬁaﬁwmﬁuﬁﬁﬁ%ﬂ@r

w ¢, 3 aqgma-’rf&ztmrz-mm!n
y,nﬁmmt%m:ﬁmﬁwmﬁW%
e & (ol L = Tk
sY, ) | org pema A, (1)
L= 5= sY
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ar {irg-2nw i e frel & - wTRR (TRl & € ) @
@R Armarelt & wftwm el &
L= Y, - Y.) - fim eem
L=s5Y, - FRa s T (221)
L=uY,=L,(} +n) -gidmm
e 3 i 3 orgem,
WY, - Y)=1=sY,
u’—‘=—:=g=3wmaﬁfamﬂ
Yoo ¥V
ey Y=[1+g Y,
Fa A MBE A Y@ Qg (= 1,2, T@ W IH
biemEd

Y=(1+gY,=Y.(l+g (228)
whrew,
L= uY,
=u¥(l+g" TY,=Y,(1+g"
=L(1+g" &L, =uY, (229)
a7 Frémr e e v # wErar g,
I=1sY,
=sY, (14 LT Y = Y, 1+ 9
SH{l+ g, TL=sY, (230}

T GEtaer (2 30) o &R & &9 afteer § [ B 2w A=t A=
T L, = 5, = sY,, & ofomreeT §) yam swme § R0 & e &
e forat s wew &, o oranai 1 & qor gnfie qeaaty ¥ faw 4 Fa
Fama ) ow Frafi e ¥ el ol &

Y= Y, {I+g
L=4(1+9" (231)
L=L,+g)f
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w  g=i=n

s
v
t=1,2,
T L=sY, ®© L= uY
frest oY v (Crucism of the Model)
ﬁzﬁﬁw@mﬁgﬁmﬁﬁnm%
(1)ﬁzﬁ%§azmm%&mm@ﬁxm(s)maﬁ
Wﬁm%,ﬂmw%ﬁaﬁgnaﬁ@%aﬁmﬂﬁﬁtmﬁ%\
e e 7 et o ER R
(u)mﬁzﬁﬁ%ﬁ-ﬁﬁﬂmqﬁ@:mwa,mm
ﬁuﬁaﬁq%m-m@ﬁ%agwmﬂwﬁaﬁﬂﬁm%l
(m)u’aﬁzﬂ‘-m-gﬁaﬁaaﬁﬁxma,eﬁ%amﬁ%&ﬁ
ﬁwwﬁmm-{ﬁmﬁa’rmﬁwﬁﬁtm%lmﬁf,wﬁ
mm,mmmwmmwmmmm
2 fia 7 e o w1
(w)ﬁvrﬁaﬁmrﬂmasﬁmm%,m%mmﬁﬁﬁﬂ
ey feremm &
s/v=1n
mma‘rm—;@ﬁmmm%mmﬁmwﬁsﬁ
e i T A B o R
(v)uﬁnﬁmsﬁmm%ﬁm(;»m(ﬂ)mé,ﬁ
Wmm%%mmams/mnﬁ‘zmﬁm,J
—olEmi=4,T

g=f=%l=oozsm2111%;i%ﬁﬁu

¥
maﬁmﬁmﬁ,mﬂﬁsﬁzvz%yﬁﬁaﬁaﬂqﬁ:ﬁ
) oeg 4% s = 02 (s 294y T v = 2T BT 10% gFsh
mi\o%yﬁa‘igﬁ:zmmaaﬁnﬁrmm%,m et

H]
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(v1) ym-am & age &1 d o afie ae & o i
oof 37 & T B o A T A o B g AW A @ A oA
R # it ¥ orawa BB Frevt ardamen & sl o faw
frar & yam G R

iy R fret
(A Linear Programmng model of Grawth)

@ g swed g e & e is-d el @ g e
(Rugd) Arant # s eraeg @t ST 1 Rt &1 Ais-9v & g
Fraet o1 I O ¥ FO Tl # wEee A 9 g & S IR
1 {1 whar 2, a7 OF s auw R g A & R o
& IRE F T HFd & AN IAF TA R I HgaT Fy ghacaniva Fem
ST 7 &, PR et A T 3T A e ) ST Eh |

ot s T & B s @/ e v A Rfm oA A1 R
e YA # 9, afs anfe frem @ (g = s ¥ BSm A anm
dehiomelornme s Rfma ¥y ama A & g
(Given) aniiaes faTd & (n) & X1 & aar sua/ s@al vana J9 91
&7 efig s et & s e @ ww geg oy @ A Frn o &1
adam fredt & gm v i 3 dafeew ww A §

Hie-Snm freat ¥ v w9 #) By qrn w 2, sl e @@ IERT
FeH I I WhRAT &1 Jtern fem w3 erafd, W e Ew
e & R gftcer 21 oo & ot 1

9o W@ g Freat § w6 A o qfer BT S 8 9E s
S & B ardememn & B shiwe @ Fafy frem 78 & wwdt 8, ®g
% giF SversT ¥ e T & oF w1 @ g o aen & fF aw
forem & mnnfas @ ¥ f avge & ol @ AR A OF IR 9iEE
=T @ A GoaTE A8 € a7 €n & arva i el B Bfie woaR
&, it & gt & afoet @wTRAT IeT 7 S o (Ivatq g=n)

1 ) FH Kaho and RCO Mathews “The theory of Economs
Growth” A survey, Economuc JoumalDec 1964
(s} RTF Keha “Exctasctw the Analyss of Growh” Osford Econamic
Papers lunc, 1959
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mmwmmwmmmﬁmmam
mmmﬁmw%mﬁnﬁﬁﬂﬁm-mm
qﬁ%ﬁwﬁﬁmf@rmm%lwuﬁz}mmﬂﬁw
mg,;ﬁh@ﬁﬁa(wmmaﬁ%%&am@ (K) 7 o
(L)

y-X_L
W
w y-X-L (32)
v &
e tre-dm b ER K =Y
L=uY
aar u>0, 4> 0

wmﬁmmmmmmm%lw@2@
Wmmwm?l,ﬁﬁﬁ’zmilwﬁ%ﬁﬁm
W%ﬁ@ﬂmgﬁmélﬁﬁxm(m@?ﬂ?)
wm%gKamL%f‘aﬁaa—@ﬁa‘rwm?\?«"‘ 4,

vﬁ%ﬁayﬁmlﬂmﬁmmﬁﬁgﬁmw%ﬁ@
1y vt e o, T o 8 sf g BB P
fv, u,)?lwmzﬁ%zayﬁmummﬁmmﬁﬁmm
= @ﬁﬁwmmﬁmmmalmﬁiﬂ
e s (Co-ordnates) (%, w) &

Y It PROCESS

[ U, Y Y2 BouR (L
NERR -1 cf LRBOUA(L)

1 mmm,mmmmr 1
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Tl swderan # ¢t afFrslt @1 gom e A amf g o JefE
M 3T 7% [ 9 W g At @ o R TR G # v At e
 F oy T U AW ¥ 97 w9 3R aF « frg Pem e frn
mat &1

A= @ g p 3w sfEast & fm (Mix of production
processes ) ¥t = g Cuifra Fxar ¥

v=2dwn+(1-/1n } (33)

ke u=iu+(2-3)u

gzl O=slxl

g, oA Tt o1 faovs oo qe & B s ) greet @Y 0 ot | Hwen
S a ga B o @ &) 4 AW QT 3T iRl & R & s
oz Rt S R, anfE faww Ft o adn wmnfes @ w6 ot
T) L 0F I AT EME, IAAY AT, F oy 9F FH
et ad g F v ¥ s/ (T B Y) aw 3% O ¥ g meR anfe
oy i ww A, 0, T R R ¥ oA § A o R
=nfaE X & O AT T 999 a0 ¥ g e e ew faf R
£ B o v ¢, s

Znel (34)
wooow

B ﬁwﬂw%ﬁ!-@mﬁ?ﬁ(uﬁn:%)ﬁmm%l

afg Gde (34) & Tgle Pl B, Siq W aHEm F 5 8 (g =

n) TR 2 &, 74 frafi e @ ot ¥ ) @1 3w o 98 VAR 0w frar
STHFAY

s

s
e TR -1

T 4 (1=t m=2
n

o Yy n—) =2
n
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e Py~ =Jay
n

5
Sy,
3= n
h“‘é,
=g, el g P v Frafier e e swe e 3, R &
391 SEFRl @1 fem (1 - M) orgvm 3 R 2 gt ) @ oAA
TR (2 35) T g e T 1
58 Frzdl A e i ax @ 6 o game st ¥ augs Rem g
w0 oY e s 79T o &) e T A w9 & sy we R
e et
(Solow Model of Growth)
dga Bem fed w7 sRiffie e (Basic Neo
Classical Model) »ft a1 srar & 1 frafi forre 1 wven & ea 70 g &Y
mwwmwm%%mf’%#%?mm
- T v SRl far e ¥) s s
Fret T e frat (3 IeneT wfieawdt wfta) w1 anmRiwor Fa s
THAT ) T I T TF AH i e < wwan B, et B R 3 onfre

3 g=;: AR & @ e 8 arse f, B Bl @

¥z Frast gwy sfrfea e o e &, wfy wwa g A 2 fofre
fr v e Frawt B s ol oo affiden S w1 ey A e o
TR F A e Wi srRkaia o 81 dad 3@ e & qieds
€ & % Fraxt o srdemamn & fR gfiweer @Y (Rl & 7 awar @1 o
IR FT 3 PR o 0w 9 0T g & ou sl PR masar )
TR FEH FT A TeferT § g fovn o w ¥

O<k<l (235)

Y= f(K}
ad =—1—}jﬁ'rhm:ﬁgm
aar t={={sﬁwm 7%}

safE £ (A) >0 YT 999 FFFa
£ UKD <0 Yw frdm sases
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FR > om®k-0
£k -0 ko o

e Wis-E Frayt # wus armer 3 giwarfio w0 @ @ frd
ST, (e @) Fe SR e 3 o e ¥

y=1(K) qf e
1=g£’<=” T Tyt a0 W 1)
L=L,e" oo e It
i
hid y=f&8
= K e
ety log k=1log K—log L
FHoA dlog k= dlog K~ dlog L
sen 1k 1dk_1di
kdt Kdt Ldr
TR 1dk_1dk « dL L
o Kaka " @/t
ﬁ?ﬁunﬁé—amm@ﬁmzﬁmﬁma
1dk_1
ZE_KJY n
hikal 1dk_ YL |
kdt LK
=5 TR (e 4
Tt WY z
2fk~-n T y= (k)
o=t dk
= - g
A sflk)=n (38)

v TgeR Rk (3 =55 §0) B (&) & e ¢, sl & ot
aﬁmmmugagmmmmamzﬁﬁ,m%w
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[mrraga T ' (k) - 03 k> w ]
A 3T FE (38) B g fvw R g

SFUK) - nK, = 0 uﬁ%=o
e L) _n (2 39)

5
g awa & s o =he Gl kg e )
T AR (39) & U FUAT AT A (roots) & &6 §1 af
A g kR AT k= k, 73% ¢ Fod, freel % o o wgem )

7k gfr =fs arfdee G ©F &, 2, oF @ e 99 @ SR am
stw o ¥ R ofr e foft =i & R @ arafg 29 vfE ¥ @nafes
ofi wftt =fis wgfaa o Wi ¥ g &, B g= ndr wd)

firewt ¥ Tl s ¥ forerrer v Bt g e Py ot et €

AAERR 6 i &
L=1L, ¢

I =K L™ L=1L,e" 1)
T = fR) = flk) T k= K, (W)
s = flk) = y = y, S o o ol R

8, w4 £LA,) Fau 2

T Y

,V=}o=I
I Y=y L
ST Y=y Lye™ fu)
v =i ¥ formra ou frafafes

Yoy Lo

K=K L& (2 40)

L=1¢"
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=l § 9 W A A va W ghs e b 78 Fafe Rree
71 5 (umque) BV, FifE R wo & g dawr & e 0w

mé‘-f‘aqmﬁms k:%:ﬁmﬁa@@wh&mww
fashat-Ekd
it Freaer (Dragr IR )

mmmﬁﬁmmaﬁﬂ%MWW%ﬁmFﬂaﬁ
TR TF F (X, Y) qA TG Py o &)
Y 1™ prout Ti0n
ROCESS

wr z:%%uumn
£SS PROCUCTION CURVE

PERCAMTA OUTPUT (34 Yy

2

X

Py Ko
PER CAPITA CAPITAL (k=)
@i 3
OR & A 9F W p O fag ¥, A 3R wh 1 (OP) #EE
freafafaa &
!:l:hthl‘?ﬁ;&@qm
k v
m@tmf%mmmwm OF, wften, hfF et

% @ g P, W(amzmu P, Faam (&, ,) & @ 9B A (OF)
1 ot B g &

% _flk) _ 5 _ e



47 &-E R Fret

o1 a4z frg Rear a1 W & R s s % rgeR k3 R & s
o G F FAEEY INTH W OP ¥ I FRRR S &1 A I
TF W A O R OF, § o Y g ¥ et &, 9 AW 1@ wew feifa

ﬁm%,aﬁﬁmm%l=gmmw€n

s R Fart
{Kaldor Model of Growth)

= Freat & = #va ¥ A Fraw (Basic Keynesian Model) ¥
ek i oft 3 s et ¥) analg am-Ramor 57 Fokor =R B R 0d fRw
wraedt ol 3 wewes §) @k w9 8,

W=Y~P A Y =W P

T Y= W= @@ P=@m™

HIMET Y T Mar F qien e & f agw A dwa sgfe (5) B
& (% fr 0z -dme qur da Prot § A ferr st @) ¢ w6 aww a
i wgts # afdtwta amr &, SifF (W) 7o e (P 7 am
& fraor & orqanc )1 sty

s=5t s
aur O=5,<5=51 (241)
Eoil 35,= AR & T
5, = T T F A A1 a9

FAE H 7E oft wewen @ a% SRl ¥ 39 s w1 oow
o g & e axa €1

% sfafter ek &1 avww € e 7w frat s anderaer Ft @fER
w7 ¥, el ant aw A IGF T S FECTEN U W@ T # o
wh o I oy Frafia Fre agfim v R @1

1 *The mode! is one of an economy in which the mechamsem of profit and
mcome peneration will creat suffictent savings . to balance the mvestment
which entrepreneurs daade to undertake *N haldor and J.A. Mirrlees
A New Model of h  Renew of Ec Seuds
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g, i =S8=5Y
Al sY=8
¥ sY=5,W+sg P
- WP
Sythy
Lwn, P
YEYTESY
[ Y i
S -‘wY sp},
- l5-) % (242)

AT (2 42) =6 F@ & B wierer few! & a=d wer -
o Faft e ¥ oTTe-fwe @ A & s A R #) g feed A
BT W, re-2 e & wme E

(1) T § fRec N &1 avuig K = vYTE L = uY

) sty gy 78 e 1 g B oY = 2

(m) 7 AfE § T T n Y 3T A R iy LmuY=Le™
a9 8 2w et Y AreAel &7 P et v S | &

K=vY oof et il
1= d?l’(= sy 397 = g o (243)
L=uY=1L,¢" ¢ dwmd

F 5= Y
@ os=g+ (s S.v)y

Y = ¥ HA I, K = G5, v= I G I, 5= 990
& 53, dK = K = s/saw, L - ane a®, L, = WO 5=, u =
i)

&1 IVE AT e s e wd aren wd o P
fore wq o Wl ¥, Tl Bed S owow Y, KW LA REm @
n ¥ Toer ¥ | 78 oF & of it wais R A anfie ¢ (g = s) o FrEme



49 o &A1 g Fragf

i @l & (n) & aum @ dis-d freet eor ek frext § gen
arm 7w ¥ aet s R 58 2, sfvg o8 wew o o Bk @ B g
= P/K e o & & anran 5 =0 (K) T SR arh shoa df m

379 € 0 1 Q1 o g e & < B e
s
L0 (2 44}
1 AgE T B
TR (2 40) 3 Wi v % o2 & Ry @
I\
s, 16625¢
v
Frar 1 P _
3 sn(q,—x,,)—y =n
At 1
n=s st (58
= n==ls+ (5=
Evet

n=s—:+(sp—&..):r
afteraer (2 45) g Az & R,
n=f(i;,spn]

Mnmaﬁ%,%Mnmmmmmmﬁzﬁﬁ@
Tl < S ERT 8 T ¥4 70 AT STEE § OF Reay areter
4]

gt x F oA o & S Bl A o, n, & @ @ a ot
¥ 37 4 @ S w ¥ s Frab S ¥g age v B O ¥
a4l s/v = n

T 3 T wRrey & e o & v @ e, iR sl
e A & TR & wa X = Y-W1 g



sl et S0

PrY Fgar PgY
T re¥( k=un
v
ST ¥y 1
el
ar ) P
'xs—v( ::=R)
aralg osass
¥
£ g A e o o e T e L 2
12

TR (2 45) ¥ x &Y &3 domh @ A @ W n & e a
T T W TR W O

=% tls-s)n
=01 W
n= (1) n % Bor
v
Py
v
S 1
n-;+ (sp—-.q,,);
=5§ {n) n@y = ERAT
s 1) T () &
"<n<i (246)

m(:«)mﬁ*ﬁmmﬁw&mm%%
%ﬁz-&mﬁzﬁ%mn=;mm%lmﬁmﬁ:ﬁﬁnm
R 8,/V 0 /v A e o B awar &1



st « et e it

afy wfE (2 46) @Y O &, @ € 0 FT I AW I F F=A
%, afr Frafim foorrm & Rafg a1 @

n=y(s,-5)7
12

aq 1=n—x‘,/v
5- 8
a7 Fre o e wEy
v

n =:,,/v—s,,/v=0
5, =S,
T T, nF TTRAT 2@ X,
v
pelfrzs/v L (247)
S~ Sw 13
m,wﬁzﬁmmﬂmmﬁqua@rmm%
=n—s',,,/v
Sp =30

ki

= Osnéi (2 48)
v
o frdra fafix (One Particular Case of Interest)
’Iﬁwmﬁm%wﬁmm,mn= 1 3Tt e A &

e s mafor o & st 21 af% A< 4T 5, T @K 0 0 O &,
ﬂ’m#?nw-ﬁ@m#kwmﬁzztm[}{zl]wﬂﬂ’r%lm
(4

0 gt e By e o () e S s 20 AT B 84 @

5

¥,

ict S =3, 05,1
Lo osn=¥
v
S Y P P_ K S
™, E=—v =7{.\",—;’=:’,—k—n v YW n=s
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mrerer Frgd & smee vy~ T {Caticism of Kaldor Model)

(1}

()

()

(v}

5 Bvt ¢ =7 ande 5% & B g o 5) v Aee
¥y ama-fv &Y am e § Fraff e gon awm s )

@ frea 7 s, Pl R o & el 5 a ans &
o SR (Umgue) &, wimg 9¢ Pl 58 & o 9w a5 &
$oser & e @ 55 3w o WM 9 Fpm veEw ara R IR
75 fredl W 5r fret & o 21 W O Rl & el
T YT F e I & A R d e 8, i ba
frrm # fuf @) Wiy e G 8 Br e e
TR e R Pl e b S B o
st ¥ wveen Rt o & T o fiay e ) et
FE R R e T )

57 fret o - Ferer e e et o s 8, e 7
faat g (Gaven) mFrm #4

st s AT forrer Brat
{Mrs Joan Rebinson’s Growth Model)

e & o orera a1 g ¥ e sty andenfont X onfes fewm &
siaftan framt (Classical ideas) (S, aom o SFr onfX & &=y
¥ ) w e Bewd & o &y fem ¥ ot SRR e o B3
aifonfs seaEelt (Termmology) %1 wam Fawrt &1 §7 il & Ta-wfifea
foww frest (Neo-classical growth model) =er swar &1 &1 5K &1 &6
fow few A IF R X 16 & gER orwh g% The
Accumulanon of Capual ¥ Twfaa €, Sife 376 7w A e 21

freat &y mraart (Assumptions of the Model)
et S e foreme fraed o mred, Pt €

)]

()
()

T iR & ariT ot w  Aew @ ST & W
#i

e T B G oy o IR v O vy €1
Ieared- Wt sTaftatda (v Bn) wh i
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o & fawnr et

v} ardammar & @ o™ (Y] #6E (Wage eamers)

)

JaftwEl (m-ums F) ¥ wer foafa ¥

affE A TR A T I @) o) & (el afE amm
T8 F1) g gu¥ ferla et gt o wmwt g ( A
) R § vy 5 Foim § s 0@ R mwr e soim
fereeper 3¢t ey € 1 aefteraer &,

I T, Y-wl+1 K

Tl

Y = TaRy A7 (SRS
w = i Ali-at
L=, = @ K= &

sieft e & argam- G Fein g & 1 9 & n et
R ¥4 T o T E T S (2 45) 5T TR T Y

Y~wL
- {2 49)
Tk

W (2 45) ek A & B A @ A @R AW, A, T
ol T doft t mon % v & waRia fr oy e @1 g il
T a7t gfy e e, wi e Bl @ s Wl & o & w0

) arg,

Y-wL

n= K

YL L
L T
a=Y ¥

XX
n=£{y-w)
Kn={y-wl
,={ﬁaﬁm(mw)

(2 50}

K
= st

n=f(k,y,w) 251)
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ey = £ k)

i T B & AH-IERHN () areriarss B €U (w e g ws
G FAgm ()w e e b ag, B g A urd ¢, Ak
- (w) § 0 Ofr & st y % AW § g st 4 aw o 8
==t &t &, AT M € i A Brar m

[ T AW {= =) F I a4 a9k & o § Pl e
@ 2 #7Eg

Y=C+1

war I=s

ARt & SRR, G A ST o o 3ni Wy At €, 3
T T (C) aRra FR A (W) ¥ SUAT &1 56 ST SR S5 T
T @ Fa ey w E, s, & gf ety %f:l i g {5 =T
¥ giz §of T e @ @ % aU ¥ AR &9 §, wge o fe e
2:

1=S=sY
& 1= g
e sY=K=x
s K3
Y &
sram vl v et firin g
— ;

a

[l
«la

I

£l

. .(252)

wﬁ‘i=n=ﬁmrra9riamﬁmt
e (2.52) @ Frewt w1 ey Wi 8w wew o we
¥ B afz 4G it avqwma o= € e e o g1 = €l
g W A O ¥ gaawy A W Fwds pre w@2m
(Feinat gry = ) Brfi 773 % ) wan o gFR am i (L) war i
(K) % ot & i @t it o ofF F gfz, §0 ofF % arguifers gfg
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B3 & ok sdmen § WY E gk @ W) w 5w A
¥ ¥ woges, i i g mA Y sy @ i B few

Amfew g=I = im ATV (0] T 8T TR Y
A )

g=v=fn (z5%)

£of {507 T @ BRI N =TT (Golden Age)' FF—5m
P2, F FaS BF 7 w57 3, 59 o oy w7 & ok
gy

Tt s i s A T SR W I R R
Wl oo PR @ @ 1w R R SR & e
HEsicua

W n>g —x-g,ﬁm¢ﬁaﬁ%m5ﬂ~m§s‘
T AR TR W EY E TR oy A T S e .
SR TEET o R AW S 3R T (w R I W < g )
Bk et g - TR R e s S E e AT Tt e s
ytﬁmﬁ:ﬁm‘iﬁ;’?%’“l

T I po> M ETFIFEERAFT
5 R B BT F gl w3 1, Rk vonaes it egma aeR
BN TN AR 1@ R AR« I wiETg
T pE FTRATE

B Y B h w g e B R s e E
et e (Bvm e d o s ) P ST Rim R &
w7 awea fror b s o 99 @ west ¥ few Bl w ats w@
TR

wm R SR R RSl R s

1 Smt. Joan Roblasoa The Accumulzzon of Capezl 196
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g o forame freet
(Meade’s Growth Model}

aner Fa-ufafga fragl (A General Neo-classical Model)

0 &¢ B (Prof JE Meade) ¥ way fymmm freet & o smmm
anm §Gf, o, gten am @ SR @ seee e 8 g fed o
el At 3 Fref & wow & @, wog QA 3 avew 7 @ B ek S
¥ 2 SEAH AT o aved Bem R

frat &Y armaTd (Assumptions of the Model)
(1) svdere & srwia R T sMftETde e 8
(n)  ovdoEm ¥ srwia adme gRwe #1 Fem el 72 1
(m) 3T AT Ft I B E)
(v)  erieam & smmia qof P @t Bt w21

(v)  wrdoyaman ¥ QW @il % ST o AW AeR- T 9
sferdfirar forerm 81

w1 fret % sgan g Saned (9) Y el wn ged ael |
miRam

2} T W g ©F (K) ST F e & &7 6, S wie
]

(b) =R-7E (L)
(c) i aTaw yifr afed (N}
) aFE T (T)
AL IR G F7 TR feran s & &
Y=f(K.L,N. T} (2 54)

T 18 el & e ag @ R e Y g 9 e e e (V)
2 8, sraig @ma & aw N A ofwds 78 do ¥ st fre o v
o ST =W ($1) K, LA TH 5T SiadA w bole s &1 gad sifiie
wg-ann W N guRt & Ry e o (7)o Bl w©
uram e werany swra B afa B & owg, o R fol @
(Continuous) IFRA o w1 S 2, Bl freh m@ & © RS
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(Disembodied) Tt afir 8t wedt ¥1 e sife % weaey afdw
For ¥ g @ gl 7 ¥g T m (oFA ol @ @) &
F7R e <t e &1 g g e R o R B dsft-srema ¥ R
T (n) e e gl (m) A awwe &) @ ¥ e 8, form A wge
T T () Y BT T 9 AR a €

M=m+n
afy m = 0, 7 foerm vy i Y gty # off
w3tz izlo,mmmrﬁvﬁWWM|
A 3 TG I For H s d

Y=f(K L) (255)
art L = e,,, Lawar g it ard nf g wfe 1

7%} T v w7 avd mE ¥ B avdd goft & goaRy ga A
Fermat ¥ g O e @ A () o BT g

Y=fiK L) ot e
1="j7i“f=’y - B3 & et 9 v 1256
L=L,e" oot o v

TR (2 56) Freet @ et 1
T~ TgeH Td ¥ gy AR T v e E,

L=eL
2t A Y (log) EA W,
logL=mloge +logL=mt+logl
o d4L_,,,1dL
L dt L dt
s J4L L w4
AL ode L dt
-::-—L=m+n=M ﬂ?n=7€

STty AT, L = L, e (257)
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e wger ) it 1w & argEm,
dK _
-E-:Y
=sf(K, L)
=sf(K, L, ) (258)
L=l
o} wiEw - £, (frerd & oragen of fom & Fafr
Rreerrs 8) 7o wma s 393 Y, = £ (C,, L,) T © 07 € s
(258) & ¥ &F K o1 Gpew @ Y &K @wd K Y @ GgeA 99 Y=
F(K, L, ¢ ) s B <t wat Rt 37a a5 w7w & Py o om- B A
e ¢ (2er et ) M3, a9 arderae & of fem 31 femm
ey ¥ W Kam Y MaTdafg @ aifi s,

K=K, e

at i’}%mn/‘" @59
Y =f(K, e, L, M)

{2 58) T amt =Y

w,

dK_ M
s Ks Le™)

T MK, =sf (K L, ")

argar

fK,,l",L,,J“=L:K,,!“‘ @60,
T o) B e ARG T afnmtiom e
wwa §, 7 wew f Yelte o et 8 o,
fOY, ML) =Af(K, L), ST 450
WA= M K =K,a0 L =L, T e far b
FK, " L, ) = (K, L,)
=Y, et (261)
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R Y,=flK, L,)
F AT (2 61) T (2 00) HEEAE,
Fraly er-HK M
Epc

= =x!-ﬁsﬁﬁr‘a&3w

Er ﬁvﬁ-&ﬂaﬁgm‘wﬁw%%ﬁwﬁms’r&%m
¥ o e Sf-Fefa s B sew R

aFaar 5 K,

2elnoy

MY,

Fraftva ey &t o7 ¥ 3707 &3 (K)aar wy (L)ERE M= m
+n# B &t M Y- £ (K, LIS e ammhy we £ e,
Yy 3 @ (M) R iz B ) g, SRl A g Ped o b B
5% ¢ ford Frfa-4oft sgem (1) R 8, oy,

Iy M vy

y K s

7z off frerd Wz-d fradt To w B B, it fm o anfre
T (g = o) Rrmra o mifs @ (3w M =M+ mF e i w &
Freit & avr a7 ¥ i Ade-Br Freet & o e et v B a8, sl
HAE IyF R m AR, It e e TR
&, R M/s & wu ot Pl e ot Rdf o o sor &1 eawig
Y R R SR Wi

F= Ta-yRfen el & s dte fret & seepd s & @/
¥ & fF W ol T I 3 3 & W wewe g, qa &vF
T=hE o7l o B Rl b T W R e A @
w s f o st Mot 39, of s, Y F B glena
Tt (R e =R Ntz #T Il v 81

e fraa? 0 R 2t & forg it
{Sestability of the Growth Madels for Under- Developed Countries)

A 3f wwt & st sfrrfe e fame o 9REdR W

smia ¥, s o s ¥ W@ e g R § s W Rt
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1 @ srdeqararsl @1 aear #g #1 1 ¥ Faug fwew Wi % e
@ gt ot s B g I Sl Fw A

T Fw A ¢ fF o et o orant R 2ol @ e A el
1 ITETm-

AT T T4 TE #1 S, a=d aan T 1 e me,
T fofe sgrm @ awm-amm sgw A B AEe, aeraEta o ot aem
Ft Bfx =1 e @, Ts e 71 3 e o AEwent P e
& wod # g 7 O wwdt

yos arfiies Rmavter 271 & ame onfis R o e ot &
vain farrena 2o o o qwen ST feEm gfE @ e e erd
¥ giew, @ @ 6 frww a1 i feem a
oifaa T8 @ &, freadl #7 ofw oft wifia aar wfew @ ad &)

g faFmmm it &g ‘erew vy s faga (Under utiised
growth theory) 1 Iwdm far w31 g ffrem frrm = o fivag
SARE gl & S 0T gead Aty #1 wuEm e @) s,
e it & forem deAnd & orofa a=a-amg wgam qan -
o Y Fert wrn s & aan few $reedl 1 gvdm R o v )
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Tz~ enfta R eyt
(Two-Sector Growth Models)

fr3te (77 55%0) Ree B & 5 3ot &= (IR

Hicks) ¥ 3% = (Stages) 3&?‘3‘1%—‘4“ g W B S agr
f2T7 B (Mulustage Two-Sector Modal) % 723 §1 W a=3 &
FeER & S A I OF g@ G 3a SECH 1 s By
s semTm e R A Rl () w e
= U@ g e M T 8 B oW % wd w1 osma =y
FAT-aet =1 ey B o b ww e B e 2 et A
Fad et T TR M R RUGT A B i swqas
FraacritTeiRtmaa s R R
i F s e

Q, =¥TR &7 U G SGH () T ISRT

Q =TfrrdmgusmiTsg (M) I

K =sRxifty

K =T dgdgdhea

L, =5an 8B

Ly=Tdfcaadme=a

p =% (zrimtaR) & w8 syl (G a) Ft

w-?v(mﬂ)%s"ir-z-

:r-‘-:?(;‘-'aagﬁ)mwiav'r

W/P= 53 3%, 541 & °F

dx=*’{‘¢“i::°"rﬂ3r-—r~(ozu rent)

1 JR. Hicks Capital & Growth, (1965) G’ﬂpt:r IZ.me Hicks
t2kes the example of | ‘comn” 25 the corsumry ard
‘tractors’ as capital goods produced by two i :x:nt sectors
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fodeehal enid s tee oy -t vl =k 4

W sEFT FeeEe

(n) fF=w swwEwT

(m) 5= Famegesias

v) e Er-rwfmiaas=
T RO (A R
(First Stage  Price Equations)

RS T s e A T E

0, Kb
v o

0.-% L ERY
Voo us

RS et e Rt o Eryd
v frTea i gF-fw sgee
u; =575 €7 5 75-H I3
u, =ff w83 S ym-fra wgve
T vy, vy, U, T u,F 7 BRI
THECT (31) $ETF (7 w=R) v () fe
wEEs TR A T RdTTm aEant

() H(Tag) HaEeE I E

[8) @ (57 ) &1 553 0, 551 & §eRT 4

[w) wHRTREFE F=-a¢

T Q, N T Q,, K, v K, &1 5 s woww aa L, @
Lyfirra-aiF s i nnamr 21

AT (31) § T8 &7 S ¥ B 1 4 WATH
hminEeEtm v FRETF T hin g e T
ST s i 1 et 3fm o €0 1 e ST B

T W TET Fr (3 9%y Fim) R oew oag
{Stzrdard Commodnty) & 7% & #md §1avin o, w7 w1 9= 5 §
Pl @ € TR v WA O G 1 BEF a5g 31 S5 31 OF T SRR
o g o e s e T e B
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T e eI e E rg e 5 ) e s e
rm T ST Rl m s e S da ey T
= emr it Smaaess vy T

et Br W W R o e A e 1 - ey
IR E FE TN g T SN R T e e e
Fre iz srm sy iRE i s S sy e omT
=gy asga A piFisat wpE
TR Em b R A T s e s bR
Foe et

Y opQ+Q (3.2)
TIpQ, R TP T IR rm Q T s R s i wy
I REFizTamI T ET SRR W E ST AT Y T
Frmm i E Ry Ss R sm TR T o
srrrwhimgFEms s s ek hirs
TEmysEI T e s A T A T e S o e b e
SR &% ¥ 3R 65w ¥ e T (Fan ) 87 B b s e T
=t

3]:3(

PQ ph +wly
= Q p~A +wlL (33)
a7 - TrEmrmsTeER iy e )
w = SR (R E )
RN VA, T L, T A T LFERER (33)F
TR W R e

pQr Py Qievu, O
(1A, v QTL;, u, Q

pQr Qi (P-yy+wuy)

P PoMi+wy

P p"l,fku,

p{]—'l,)z\\ﬂ,

14444

. (34)
7 I-1y
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TR (3 4) Torw B T e v
i g Qr=pxv; Qs+ Wit Q;
{ K=vQ:vaiLl,=uy Q;
FrEar Q2 = Q2 (prrvp + Wiez)
Fear 1=prvy+wu,
T p:.I_'ﬂ? (35)
B
wiEw (3 5) fdfrr & &7 dima wiw )

arw, 3Rt &t ¥ fay 9~ #1 DEfE 7AW (Common value) 7@
T b T (3 4) @ T (3 5) Y AOET TR R

p=— g i

l-nv,
aar I-wu
p=—2fgha &
nvy
wu, _I-wu,
I-nv, 7y
e mvywiy = (I~wuz) (1-r v}
rvEr RV Wy = JWag =T vy + WU T VY
e TV Wil + Wity = Wi, AV =1 = vy
ey WAV U +Us—tpmv)=l=nv
Eve I-zv,
W—— ¥
AVaUz+ U =Us TV,
Frgat _ 1=y,

WEe——— (36)
u(I-mv)+aveuy
WHF (3 6) 5 G & B o ar e g ot o e B 6
e e §, s w = f () el (3 6) F 0 dgad § anw
@t (Factor Pnice Fronuer) #81% o &1 Tewa ¥ ol o €ia7 [Wage
Frontier) & W & g &

¥ S T p W v ae B ot ¥ v g v B

P.A.Samuclsonn  *Parsble and Realsmun Capital Theery’ Review of
Economic Studies (June 1962}
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v

I-tv,
- {I-n)u,
I~tv) fu, (I-tv )+ 132 u,)
(&FT343)
FoE _ u,
P v {I-vv )+ Tvsu,
p=fz)

FART (36) T ¥ B FwFt FewedeT (Rectacgula
hyperbola) ¥y =¥ ¥5 & e sy o awswe ¥

37

I-tv;
Woe— i XY
uz fl-tv,f+tviuy
wlu {I=tv )+ Trpu,]=1-Ty,
FEEr WU p=WUsT V) + WU, = I~y
Eaverd {enusndwBruwervT=1 {38}
o, B eRT (1) To v ¢ fe piw Sy A s i oy
(*-w= g7, K/L)

ALY

= f' =2 (w8 Ry 5% W T )
By

(29}
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afg 2 v’ =V’<"2 w frfm & (sod @l 71 ) TR
%ﬁmmm (Mechamscd)%l
#ﬁ%>%’m&a(ma@mm)m&aﬁm
2 2
L |

0 9FR, ¥ 30 waerr & @ sger (A B oftomd o sferarErh
3 ¥ A §) A G yw afonfim @ awn ¥

. yAd
Uy
Fraa gt 311y
uy v,
e 1+ g @ # 4 () 7 T
uy
aa Y2 . frchra B B €571 (efer) @ e
uz

a7 el (3 1) Frffe w3 @ Br o > 1 1 B & i st
TARAAA O% afuE WoE ) 7 p > [ Bl 8§ w71
ezt &t st i &
T (3 1) F . foray o o o e B,
v = uyvy (3 1a)
¥ wEE F) SR s ¥ miwr § o w el fefefer
o BT R
{uzvip—ppv) wrtuzw+vim=l
ezl vy (=1} w4 iy w + vy (312)
R (3 12) win foq aedt wdfteor ¥l
wEm () w=0T@I RN = Iy, IR Om Tl 5=
0 TE T w = 1 /1, S0 B &

6 TR W % Frard Frarert & B o 8 & (stfemam an) 1
IoT @ (1/v,) % ww b, AFE Tl ¥y svEg § o o a0 ¥
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Fafiw Ghomma L @ fd 2 B w (XRrFeE o @) #F 399 €
(I/u,)%m%,sﬁ%mﬁﬂa‘@ﬁ%ﬁm’{ﬁ%ﬁmazmw;ﬁm
s-gEe O &1 3 T A g (T aE g & (v 7) §ed
waﬁ(wmm)%whm%mmm% EuyzRenied
31wy R R

Y Y

!
FACTOR PRCE FRONT ER £ /9

~

B4 RS en S - FACTOR PRt KON
¥ ¥ CASET WHEMM <
s %

o4 -

s N

o o

< &

g g

7 23 C\———————— I
T ATE(W) At fRATE(e U2
kscuE R

g 17z 0%,

a5 a5 At on A1 e &, w i AW
3, adiq e w- 0T v 1/v

w = 1/u,7afs a5 wTa F2R (g (0, /v
|Uﬁ;l<1,ﬁﬁaﬁ%ﬁ§%mm (Comex)%ln‘fzu<1,
““WWR%WW(CM%%)%I% #%ow<
l/ﬂ;%%ﬁxﬁmm%mn<1/;,’m*fa:‘rwmmm%, wits
¥ qerey 7 ¥ WA i w0 AR @ A w%mﬁm%m-mﬁ%
s g e &
Wﬁﬂmvr(u)mmﬁp%mﬂn%@ﬁmﬁm

p=fix)

e
uy (J-mv) + 7t
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ke _u-{I-Ty, )+ 1,

1.

P u

i U—'u‘l’
uy

Tin

- Tub,
B T
u u;

. Tiu
a0 ST T luil
u

1 2

}

Uy YoU
=2 (1+m, 2
u Lav,

-1

M I By g, 1)) (313)

P

== Vol
"=

TEE (3 11) E
u,

R (313) p ¥ EWA WEE (price equation for p) El

@ AW § /P 1 ¥ 0w e & &% 8 yeh e g
azr'ra_] = fl) | 0 %R 1 O ¥ S i

P

Ty > 1, @8 I/p, 771 W a1 957 (lmear and ncreasmg)
G ¥, 3@ p, 7 71 AR (decreasmg) e & 3 fedig &% (@9
FgHl 1 3Tew) wow T 8§ whvw afw b, m AR e A gl
@ 8, 85-8F p¥ A A ST T 21

= B 2% g ¢ 1, 1jp & ¥ G o g g ¥ wdg
p, & 9T oA B 4% W 8 (G0 I | IS A T i
e i 8, R SA-3F n G T B g O 8, 920 pE AR AW
g €rit

o SFT HTRTH F1 e (3 2) 3 wehi B
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=<

Z

4= CASET p>1

s

[ /50T LINEAR INCREASING
FUNCTION §

& CASEN M<i
[ =f'mumEeas

OECREASING FUM (™ ON)

RECIPROCAL OF PRICELY,)

x

PROF TRATE (FT)

@it 3 2

ataeit (3 12) @ (3 13) & RRet off @1 SAwdl Y ofte e S o
% 33 €9 & (Uniquely) 910 Bt s e 81 ot 5 serevaradt oy g
o 207 & (w) @A @l ST () & Frufeer & Forfes we &) st (3 1) g
T e & 6 & ot anfif svawmn ot Pt w ol &)

Taefre avwr wvy wefiawor
(Stage T Quantty Equations)

B 74T o i 77 v WS & B R < O S s
# M o Fok T &) o9 g7 a7 ouy #0 5 d A A
sferae ¥ ar=eie sl ¥ oo o 39 g ey Sraffa fe ot e
?) 78 ey A B BF neg ww feos 9 R, witww a gl I @ @
&) amgs,

Ghargasmdm, K=K + K =vQ + Qs

AT FTFAIEAT, L =Ly + Ly =, Qp + 42Q2 {(314)

TR (3 14) srdorama & seqe-ant ($of o o) dg g Sy
=% = ) 3k 9w e g, Q, Fww I B ST g 8, &
s (K) § w3 ¥ pher & sydm & on ot § v e 9 R ¥
SROREEET

dK
Q =
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o %=mma,m%m§ﬁ
e Lk K

il

K . dK

== = 5

X kwax-E (315)
Frear

Qegk  whg-K-gadtann
gt (3 15) Q, ¥ e wrar avftaor 31

Q; F1 I W (3 14) F @ W o e B,
K=vQr+v:Qz

=v 8K+ v Q2 Q =gk
g4t 0, =K—v,gK
V2
e Q: =2 (v (316)
T (3 16) Qz%:ﬂ'—r&x:%rmw%:
Ltifcaid

L =1, Q; + uQo% Q = gKTH W
L=u; gK +u,Q;

sugkru; L (1vg)k
vz
wlr (3 16) ETT
= u,gK+u—2K(I—v,g}
vz

u v,
sugK+2K--21Kg
V2 vz



g
AP PN,
R Y
gl N Sen
v uz g’ k “
| e Tlah
ﬁ:’K(I+v,g_"_‘L“\bb,A( k'}
2 up\ & Sy
et u \ e o S
L-ZK{l+vg /u_”)\%Col\c&‘/;{]
2 el
T _ btz
uzvy
= (317) L= T EET i

mr_,(s 1), (3 16) 7 Q) T EE R A @
Q, Kew LF 57 ﬁf’ﬁ?ﬂqa(g/wﬁ;%j s
EEFm i TE Pascat

o Qo Qu ¥ it &, I L K 5 O]
st 7t sy T B o A ST TR 5O S i
TEFR

=L,

Q, =gk
FaT

Q-1 usiK
0. & o
. e
& _‘f’ufq)K &

el Q Qg (L&)
wFT (3 13) O

(3 18}
mﬁmﬁmﬁaﬁ;’-gl
feseict T (317) TT LF-5R ST W i
mﬁ:mﬁi‘?wﬁf FTT

L=BK(1+viek-1))

vz
K Yrrvgl-1)}
L u

KL:U uy (1 +vig (=11} (3 19)
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FHEFTT (3 19) T a7 5 AT TR AT F S T A
ga @ Heeayet Ferd g & fr aeeF AT aa & oA B, sats
g<im (320)

afz g = 1/vs, @@ Q, F1 WF 94 & U BT (Q, = 0) i fedia
&3 & e ¥ g F A 10, 8 38 & wifed) syalg g 9 dimnt fe
jcaig

O<g< /vy

fidfta wwor & srwia fedre froed ar @ Br afz o (G5 waomarsit &t
I > 1 oy R & wom & ¥ el wiftes o ¢ s wfee
& 9ot B, @@ g @HFE  frm @ A afs & ooy i afr &
T KL sam & wh €| g fawda @l < 1 srafq v & s
aife &, w g (T B A &) § 9fx & worawy g =l $ff o
KyLwigara & o gfg &)

Erulcehbueit et
(Stage T Tnvestment Equals Savings)

o T IR T (T ) F oege a1 areer ST s
& P 1 o W @ A @ W7 om afy 9 ofifam R e
%1l deen off F sria e W @ @ aw 9hF 9 3R A
AEITF [ p TEW F oAl @) v Fa # wfiwn ¢ R e g
AR (§37) T@r #9 F Ol muar F G F Ferm A S 31w, ¢
T QT

L=L,¢&" % L, = 71 gl gham

e o T A & weafun awde meEred ¥ Shife e o
{w) ST TR T () W ART T X 0 AE /AT UGE , T W & AR,
5% dwa wal & w7 § Tm ot w8, &6 (w) s x (O B 9
& woraET quk o Fe € 8) @ P o s wrae Awn man & P
mmwm%mfﬁxﬁmﬁmhmmﬁwa@%mm
e g T AT Q) Q. wdT K® L ¥ wi & v e m 8,
aaﬁsg(mm%"favmzﬁzx)ﬂmmmaﬁﬁéﬂﬁﬁ:ﬁ
TN 4R AT F1IEA Q; Qo Aat FBr s ot s

.



73 -8 Faamw Frgef

g A i S s s wm iR A b W
ot v Feere ke v s ¥ v & v B W o g
o 1 40 g oot o e 214

gl = & o FRe /e wd @ fafe €9 & stend wo
o &1 g wd F) anfed &9 § iy ani agal () ¥ v i am
o s =) arg

- 9K
! pd:
ar =sY=s5(pQ; + Q)
e Y=pQ,+Q;
= % % &9 ¥ spdorasn &Y 69 AW
1=5
s P -0, + 0
s K20+ Qo)
s _ﬂ‘
=%
s 7‘; 'iK(PQI*Qz
gt K
X 4
Sl gos 2,2 321)
K pK

Q; = Kgw Qz=K!lil£)rG'}wt

_Kg 85, d-vg)
gs—+ K—>= K

yay S (I-wg)
g=sg+ p"—;



Ly (g-sg)pvy =5 (I-vg}
g 8pvz — SgPVy = 5SSV
g EPVZ5gpV, + SVIE TS
Fraat glpvrspyz+svi] =s
g s

v v — (322)
pv2+ (v - puzls

aHE (3 22) Brom &) snfiy &t (wamanted) (S 5 BBR 8) & @
= ¥ arevd fraft v iy wge 91 @ Od ¥ argen snfe @ fEm
o @IS R % FUat B =Tl | S7Eig
S5
£ oy e

ag wireer & fraet s saReE w e )

¥R T e @y ¥ o s oy anite @ (g), wE st
it % &9 & i @ & A (p), P e o s dat R (v
T v,) W R e 31

afomt ST (@A F ¥ (3 23) A p & WA W Fawed F
qeiw e ,
dg__ sv, {1-5) <0
ap  {vap+ (v -vphs J*
mmk%pﬁq&%w‘:gﬁwﬁéﬁtlmﬁ
(Machines) &t Ay Gt stfims &f onfie @ soft & @ driny #me
TE 7 p % A % ofEd po Fnft e ¥ g weeer

7’;%’[{141/,7{{;1-1}) @t p=flrxl
F el ¥ om0 Rl A P o e wm R
fRafal:p>1
TR p > 1, T 1/P, n % WE am awe we 8, IMiq p, 2 F

TR &on ¥ IR R &y whe ofs @, ﬁnﬁéﬂ%ﬁﬂp%ﬁ
i & o it 41



75 F-ita fagre et

@R E pfr@mE 0 < v < 1y, &t
n= 0 = 1/, @ UER 1/p% w3 9 B &

R n=0,md By p -
P oy u,
a1 5y JE ! -
Vo peMmmmp -t
“r Uy p

3T p & AET A FHFT 3 23 & TR R gF7 dim o 9FR 9w
wEFr R
s

8= vap + (v;~vap)s
p-—ra%wga‘rﬁq@ﬁmme‘rﬂ?%

8= d
L=
L2 L3
Y4 Ve S
Bz uz

s

u) Vol
vl g ys-tt s
u; us

Vou
v 2t
uzvy uzv;

Vol
_ s o= A7)
volp + spus] uzv,

— 324
S Ry T (24

s'd‘rmp-"' lm}u,ﬁgﬁmmmrﬂ‘%



sreffeti et 76

gu - Vol valt *
Rl TR IS )
e Ut
- 5
i Vall
[ e L
uavpt UVt
- ) J
i U
v £45-Us Sl
k H
-5
vi{l +5-5
ECI s
8u = (325)

v,
Erﬁw(zzs)ma‘m%g%,az@mﬁmarﬁwm%i
g p<t
afy p < 1, 79 wam &7 ¥ (G5 sg) @ seaed st ol ¢ o

1/p, 7 Fr W we grwaE Ger §) 3diq ¥ ghe ¥ meae p i ght
HECETE T I/u,mqf‘zé’wmmpﬂi'al—"—:mq&

L N R E2id
et o g¥F AT YRy aa' et &1

3ty Y Pl & o & A ¥ §fR (g wH v A EW). g <
nTgE F & ol wwiy ¥ ora Frafivg s Y ol ot €k &, afx nroe
£ T g, % v Fmifa o st S waR 1 3 wfted v feT IR

e >I.—‘,— =
L Doy s s D

B3 ) FRTPeD AP M. ——
A 7 P P 17 8



77 -3 e Frf

gl wrter ; FE-2rew frast T
(Stage IV Denvation of Harrod Domar Model)

fafire &7 %, aR = 2, sy O saeawil ¥ oEem Soa et ¥
GFTEY ST BT 9 & A1 (Mechamsed) ¥1 & 3-8 71,

n=
A\
9 W F s}
ﬂﬁp=l.iﬁ'—1=iz(l+v,ﬂ(u—l}]m
P
1 _u, u,
== avEt p=—L
Py P Uz

P AR TR g = W R

_F %
vap 4 (v-vap)s

s
ETVIT+ - 10001

g=2c=n n=l

Vi



4

e Ut -corew Pyt

(Samuelson-Hicks Multiplier-Accelerator Model)

o ot ¥ sl 3 Rl @ srene Ry m ¥ e
F AFERAT e ¥ fvdaw @@ st &1 ¥ Fredt arafr @ A
w7 & = B 1 8, wg wRw R % sl O aar anfk B v
# nf ¥\ 37 Freeil % sl SweT gfe @ X 0F an i A T Y
e e e S &4

] AU PTG AT & g € R o e afefi
(Cychcal vanability) wrft st 1 5o SR g st § et agfy
I 7R (Trend) off foremm wift 31 w@ee & SvmAL (Factors) ¥
I ga ddwei Tge # frivaedt @1 e O ) W e e
=g i (Cycheal movements) ¥ 3= &1 ya19 78 %40, afig 50
el st ¥ s v waE a

sfirem e 1ol & ger-ger STl (Factors) @1 SGRIHS
g Frm o w81 we@-o@ e % ot s (Numerator)
AR SR TS € D & @R s § I ¥ e a7
FATR GRS I a9 B B)

a7 wdTer (Depressions) Wt A (Recessicns) #t aiafis #
FH TH (Low values) o Fo feaRedt & momers amt @ wean gix
(Booms) #f srafy ¥ I ARt A wefii A ¥G T S § FeAEAT
(Fluctuations ) @ Seama @Y Seh =nfed |

| -3 I ¥ TE O S-SR ¥ SR ot € o
# a1 Sweew &9 ¥, TX TP 39 (Net nanonal product)
% & adem FDI (Current consumption) 927 ¥ gvaRy I JEHY
ot B, 3 @ (Savang) w2 K



wEleR 77 & e Angien ;A gl (Disequilibrium dynamic)
& meafaa ¥, <t B e (Lags) oo Sfz-awmdier &t Rt ot gamoe
T ¥\ gerer 3fE o0 SFedT gig AFe (Standard) R EERI W
e FRe @1 gw T et (Cycle models) s 728 )

W wd i @ dgme-he peas ok e
{Samuelson-Hicks Mulupher-Accelerator Interachon Model) 5@
wam b1l S ¥ fre o Rt e Ty TeRe B e
3 i 77 whadw R o Pl o e W et €

() FRm# i

(n) snfemmEon § @ a3 fe)

(m) TR T4 &F Fit qrA-A I9RAR )

o w@rn =y fraae ¥ dr ang % e e o s A o
fRwar &Y Rufs & Fofa w A/s ¥ vt Qo St (1/s) T &) R &
AR Y = A/S N waww & wdqelt & K degerm-fiaw Frel &
T A @) @R T T o ¥, vog 9 wR ¥ W e F A
aReer wET R &1 W ST e g R e & R Ake stat
% yiw #x ¥g Frfa & aderr ittt 3 srgar Pl R amar &1

1 ‘The original formulation was made by P.A_ Samuelson , Interacton between the
Multipher Analyns and ths Principle of Acceleration, Review of Ecozomie
Sratisucs (May 1939) The analyss here follows JR. Hicks A contnbution to
1he Theory of the Trade Cycle {1956)



81 AT BT ve-aweE Ay

5 & AT I OF TR @ @ T 7 vay & o BT

TF FRAN & # AR-vfadT &7 e
B &,
Y, = i15EEu s sy
C, - rEmmat g aniy
4 - rmmman R iR
A, ~ 1ERER E EFR I Gt o B
(amr ¥7 & Fa*)
@, 3 TEEE (Income wdentity) ¥ B 571 =w fry a7 &7
¥
Y, ~GC+l+4, (41}
Ll G ~cY,, 0<C<l (42)
o ¢ -l A Iy
Y, . - fi-1)Ersa i
w3t LY, ~Y, ) -vAY,, (43)
=i v S R TR

Y, ;= ((—2)emsRiaT
FET ) AT (E) T CEw L FETEERT (4) gy
ek s S &,
Yo=cY +viY, ~Y2)+ A&
FeET Ymlc+ )Y, +¥Y =4, (44)
FEFT (4 4) dgoes-frw Ped oamregm ety
- ST (4 4) FtT B A O ST B SR, WOERT
et s Ew R o s 8
PR A TR s ar s e afrRraa h

- fad ITFAF + T FFTF

bl Y=Y+ Y.
7w Y, =y seaw
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i Y, = [0 AT
T Bl ST R ¥ 7 et (Auxilhiary Equation)
Y (c+v)Y, , +vY, =0 (45)
A =0
i wera R E
R A s (45) & R Y, = A 8, @ fafire whwor
(Charactenstic equation) Frafafaa &
Kefervh 1oat2 =0 (46)
T 3 e T ¥ w0 § g (4 ) 1 v Fefatad €
Y, = Ash/ + Azhs 47
axh 3, Tt b, et e
Mef(csvli+v=0 48)
Fe ¥ iy

={c+v)+ ViervP-dv (“9)
2
G (4 9) ST AT (4 8) TO WE R

Vil =c4v >0
T Io=v>0 (4 10)

s cF Eg vk Rifim 5 & aeneit a1 s 50
(1) e fufa, 77 3, o A, St § o v AT Tk, TR

Az

{cevfP> 4y
[75 @2 +bx+ ¢ = OB o x% S om i ¥
_ -bt VPdac
X Xz T

ey . b+ Vb -3ac <' .= -B- V—b'~dac,

2a < 2a ‘




83 g - R qog-rvw Pt

wxgar {cw)‘) v
7
{u) e Ffs, 4@ A, w2, BB (Conmpugate complex) snam
e,
{ervF < s
waar lcwf(
]
wrad iR madrm o) e
YemAR + A

(7 A, w0 A, Sm o E)
F# (Oscillatory ) £y
() v s gt o, vt ), SO, 3

(e ) =y
aF 4% qEREF (Parabolic) BT
v SFerE et g g e e @
TR (4 F R ARER (4, = DI RR
Y.*A,=A,
W Vet =As =
Y274 =A

m FFTT (4 4) R BTy R wwFa ¥
A-lcsv) A+vA = 1

A L. (O<e<l}
I

arr st 1 ey e Rt
Y=Y+ X

Y,ﬁo_—l- + AR + A 411
i€

HT A, T A, F AT WA FA G £ = OFF Y, = O{FVRE AT W
et (4 1) & Freea  wiFTr R £ E
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Yﬂ=—l+A,4A2=0
1<

R Y, =L s Apan, -1 1412)
I-c
e (4 12) 3 il QT anftaolt ) rer s @
A= As—C
(1-clhg=2a)
T _ c—Ay
2 =)

& oftomst ot et ¢ & A @ B (3 @) aE T o F A
% of@dy (omly fredt & et & geo & ofwdv) % go & W o
R mfas 4y § (us) a@ w Gfw & £ welfa e o @) das @
A WA G v = 1-5 = c(c I R1)

()8

DEMPED £XPLOSIVE

OSCILLATION | OSCILLATION
STEADY,
CROWT) %

z v

o)

kot O8]
I Yantem & Frefien Arwat qiem sTw feg o aw B,
(1) & v> I, 73 Bewes =% (Explosive cycle) &

| v v gl & a9 orad B Ay
R.CD.Allen: Macr0-Economac Theory (1970) Chapters 17-20



85 dpray-fers go-ars gt

(u) o v=I,FafsaeE (regular cycle) F1

() =& v> 1, o7 92T 7F [damped cycles) )

sl-c & §9F & weeg a5 ¥, O T GOTR £ AT B
et st g dm e A s s Faw S AW A 4,
SIR TFT FeE R O SRET S Fa 9w 1) oF R ¥ wEIw o
F T T AR I Y, W T 0% o F w7 & wAF 3 I €77
s(=1-c)sén




5

wyeraT faet srerat @ amraci freyt
(Lag Models or Autoregressive Models)

qy=ar
(Lag)

IR G T 6 BT GRS & avarer (Lag) #63 ) o onfés =
W 37 T AT §F G WA, G fw ¥y g O ¥ iy
e =i R awdm dm % el o @ wn @ dfim B) ek
et Yl wmperoha frezt anfira ox = =W & vy aoneT @y R
A FT & sl @y TG F & @ 90 X & aRaR ¥ Soraew Wi
=0 ¥ ¥ T arda 07 ¥ wraw afad i &) araiq Pt R wrmafin
& wrarg & Rel ‘Fror w1 v geww @ &) areeond, oey ¥ e § Ay
7 A I8F I A {Acreage) W A ARt & a0 & €y g
g oW FORT ¥ A o A1 9T F Rt i 78 et amor
T 39T 3 e e wd & 9T (Lag) wEd &

o Oh ARRA aramey & aed 8, 3 oy af s o A k)
aeg 3% Rl & Gt amor w1 v ane Rt ardar A srgen adf
fonfr P &1 Bufy @ Rafe ovwer oy Rrafim aveer
(Distnbuted Lag) F¥5 &) samard, Frefy faaet s fgh o g s oy,
IS %A O FT WK 95 qW g B e &, anfX, snin ERonen
qrary frad srala maw w0 & By o qRedly &1 v @ aaafy §
fyafta €rer 8, faf ayear g (Distnbuted Lag Effect) w21 s &)
& R e @ Bk e Fredt e @l & o 8% B
iy 9 TR FA-Fra e € QU ST T adae @Aty ¥ et
VT T W Tanenrd T e B Y, e wws Tafi v
w gy fraf st o §1 & mamﬁqﬁzﬁ%i@ﬁzﬁzﬁ!? o
mwmm%ﬂﬁﬁmw%mmmﬁmkl’wi,
oF ity Bed @ ada fefe s ¥ w9 § @ fen s awn



Ecicoiidecad 88

WY ol % 30 FRT 8wy §| oty gRvIEgAR = s @
Frerfafn & wiet & o fea o o 81

(1) weiténtaes wROT (Psychological Reasons)

I TiiE & Sl i o 7O FiTv ol an e @
e g s &t IR 1 frator s @ i & e & g oOw
FT AAAF ¢, T T aF A g £l 8, @ o e A s
B o & am Bl @ s frere & e s oz B gw gt
fama wftn o fnft @ wza &, S gwmn & R v B ey, A
¥ nftEd 3 weraew Ied w & oty g0 aw veEr € AnE g R

() aFwirehy @mor (Techmcal Reasons)

i FRet ¥y, W o & efemraer IR & g ofed
& fefm 8 21 sTeem, afk s & ofg @ folr e s
%, 79 I ghe ¥ I = A dAer il (Stage) ERTE S # B
) g o A # @ ol @ w8, T iR e 6 s
{1 @ e A ¥ T gee w3 ¥y o Fiten wmw ad o s
A B TRl | fea @ s & e el o e w R
T AT Ierg Hi % fera e afad T o Pnf Fr @1
(ITT) FFamre wIOT (Institutional Reasons)

T i O Rl wfidem o ot § (a) & Rftvdt o o
FwE TP =ER § qRedA § & © = F ahwwew Aol
{Contractual items) 3T T97 Y FARNE FaT HTHF &, (b)F &
& wRenrres S Faft smts g am ffiva s et (Durable
goods)%gﬂﬁ%gﬁ?-ﬁvr%:ﬂ"ffﬁl

ayerar freait i gwn
(Types of Lag Models)

e freat & yEw & B K- guw e mn Bpfia e | 2w
forert & fiertT Sl 6 &1 vy awai e § ag e T 8 T,
& T et A o ) ety fredt e s # g b,
@ o= F e freat £

1 Autorsgrestlve models are haear models that contain lagged valves of the
dependent vanable as Independent varubles



89 T Frat o w wta et

cr ot P e S e e
Y=aX, +bX, + cXa
T, Y WA X, X3 X,=en w§ o o,b7 cRupiem
?um%mwaﬁmmm-ﬁm,aﬁgg—rmm
(TF Fam & af anfz & ) & &1 27eed, AR AL A TR 37 S
Faet of vuw & o & o @1 & 76 ofig o s § v ¥ o
1 o7 #, aralg,

A, =a+b, A, +5,P 1 e

7z A, =t EEEY § A #1 wwa
a7
A =t§émﬁﬁ:§m&‘rmm

v
P ~EETRT AT

aeE AT & 5gE By 9 el o svE gvR 91 ) qog
frafre & st fodiT &3 & setadia

{t) @@= araar {Adjustment Lag)

{2) wearfiny a7ar (Expectanonal Lag)

A avarr (Adjusted Lag)

TRER T G AT R pEarst 71 Skra 8, B awa
# yRi%rar e ) g et (freve) o T T AT afaa
e FER E)
get7eT gveay (Expectational Lag)

TR 7 St & AT R d # Gh T 8 I, 7T A,
e & Bt g a7 37w ¥ o fed T v S YR a
¥ 727 po, ¢ TEEN B 377 71 SEIT0 T GRTA B Y, €% A, whr
AT Lo, ¥0 W &, I

A, = f(Pe) TN 4, = ap', 71 a =7

A, = f (Pe) ST A W aww 5 @ 527 7h 8w
mmﬂmhmnnwﬁﬁmqmﬁﬁw
e s B



ST T 90

TG oA B {Adjustment Lag Model)
TRt e Bl smm TEAgE-memee BT (logeed-

adjustment models) & mnmmt%w:cﬁm»c‘m
& Frem 3s I =R A fawke e T (gmdua!l;}—'rh

A T F TR SRR 15 5 399 £ 899 AL b 5

o i (1-1)F SRS £, SR T i e e

aFeas O B (A, F RNiR Al T T Ofe 855 (desired

acreage planted) 525 &1 4., o ety & 5 1o by £ ()
FTH Ae, 71 5 557 o5 Tl 977 ¢

Ae=ae b P+l 51)
= (P =P.,)
Ead U, =352-53
ab=T5TT

T (TEET «"7‘“1:-’th‘?(,;).<= qmqm
&5 791 T 8T A, @ W TR G 3 5 o B ¥ A
FRE B0 <P < 1)FTa F AW F wu

frmn T Sws T €
A=A+ BlAA )+,
FES Ardg  =BlA - A )y, (5.2)
T v =557

fr ot T

WA, AR, g e gR
&xmm‘h‘tﬁasnm:‘zt%w;‘-s’mmqm—z
a%n,:-ﬁﬁw%;@i;an;mj;

1

EAGE
e

——TTE LAG ——

~ LEVEL OF ACR

»




91 R e S7aT = T

wofr (5 2) FY A", & fau ot e o aman &
AA =BIA A ) o,
At A-A =BABA, +y,
YT LI, 1B 1
A =2 A=A -2y,
B 5 ﬁv (53)
A" F AR A (5 1) FrEAw,
—IA‘—]TZ‘}A',—év,=a+b}’,,+u, {54}
Tl {S 4) B A, % g v w0 ¥, eHaw B},
A =aPsP, ; + (1-BIA, | +Bu, + v, (55)
TRea § 6R 1@ SR 1 A & TR 3 7% o AT &
& 81w e anag veaar freet R TeEagE i &1 oveae
Wi (Lagged Equation) ax it &, Rk sravia averangss sfomm
W W % ¥ w8 ) ong, T fred ¥ werfm et
FrafaRes &9 % = R s e @
A =1 b P+ 4 6 (56)

SrHRT @Ry (5 5) & Y o FY gort g T by, b, W by %
AT W € § | sy
by =af by = 1B, by = (1-B), & =P+,
A, §7 A vt F % SRR A, H e e T wr
R 58 gR % W 2 TREROTeTS @ET B W (Reduced Form
Equation) 7% #)
wrnfr gyt fravt (Expectation Lag Model)
e e fredt @) otggeft (Adaptive Expectations Model) s
a5 ¥ @ eyt ¥ arla At Ad BAAA (4,) B araReE g5 A
T T G e g () F R A e §1 o, frat & fer
SR e oA S &
A, = arbP i, 57
Lol u, =g’
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aF e A GERT IR T et P o g qr 39w e b
P % 1 yoR it T 9 1 g gEiged ¥ SR W el e
w1 A v e & weead qiwew e wAR @

P=P,  +? (P =Py ) (58}
T P, = (1-]) et & g g

P, = (1=1) st & o 5
JEFFE T, (0c<)<])

ST ST SR &1 ST & araE Y F 3RS # &t
¥ BT S T ) @1 SR TTF (Coefficient of adap ations)
FT TR

afz ) F1 AR 7R = B ERT ¢, 0 g TE, 5% e v
wrE sEEion B 5T B 3R 4 7 AR o & Feeas o €, @3 e
Qe SEEEE P STaTq  SREET B e 5 @ (1-]) §EEY
& araiaF g ¥ W ¥

T (S 8) T P, AR TR (5 7) AR,

A =a+b [y 42 (P P, )] +y,
rET A, =a+bP 40} (P, ;-P, ;) +u,
=arb (1-2)P, ; +1, (59)

¢ P, 0% T g & P e od PR on @ &1 g,
T (59) T I S 3 ¢ P, FPEw W w1 ¥
& s & ST | §ET TN FHIER (5 7) 6 e e R o e

A, =a+bP +u,
(F TG (=TI TR,
A, =8+bF, U, (510)
P FRRed s R,
1 7
P”=77A" 7:—7:“" (511)

e (£ 1) & P, o1 5 R (5 9) T,
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A, = a+b{1-3) TI,A, ,—:—i o +BAP,
=a+A, ~a-u, (+ad+u, (+bAP, 4,
Ecod
A, = ad+(1-MA, | +b0P, p+Lu~(1-3)u, (] (512)
o et weltaer o st of | g wherwr #1 g e fiy
W e Forar S v &
Ashi+b A+ BB v [513)
TR (5 12) T (5 13) P G0 GRS W by, by, b, 7T ¢, F AW
TR et & ¥ & B R @
b, =ah, by = (I-}), by = bAw e, =u~(1-} )y, ,
TRy, At (5 13) 8 SHE WH WX W A, AR 9 6T 9 aFa
i
AT T g qveay et & s
(Combmationoof Adjustment and Expectational Lag Models}
wg Fraal o W a2 ¥ v P fafaw d eyt il @
T TS ¥

A, =a+bF, (5 14)
(A 7z P, 25 genfoa oy )
AA 7BA A (515)
[GescteciEakicricy]
P~Fy =R, -F) (516}
(emtia fagad #1 afweTm)
mferoy (s 14) A
A", =a+bP,

o Ay =atbPy ) (517
A~Ay =bFAP ) (518)

A (5 16) ¥ P - P, R T e W A,
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Ay =AY =M B, Py, (519)
. Wt ($ 17) & P, 9 O 6@ W e g,

PR L)

=P, =) (A", -2a)
Sgan A ~1-0)A =P, {520)
T, TERT (S 15) & TR £,
A=A, =BlA A ) =BA ~A, ,
e BA’, = A, - A, +8A,

s A, :é (-84, (521

tERA W (1) 0% T IW e 8,

A 7; Ay - (1-0)4,]
2R AR (1) W ETw,

(-2}

RV PPy PR RV B ( §3)

TRE (5 21) T (5 22) HIW (5 20) FrPr wow A
A~ (1-M) A", =ak +bL P, ,
. %(A,-u-ﬁm,,z—%i’ [4, - (1-61 4,1
=gk + b3,

A U5 {1-A)
P A ——— A, malbAP, -
B B I B 13 7

a-n- ,
ﬁ 2



95 qrr feat sraar & aRrR far

HER A, -[(1-4) +(1-814, ] = 3B+ bifP,
~(1-3) (1A,
XuAT A, = ar+bAEP ; + HA-BIA,  ~(1-A) (1-BJA, »
(523
afEe (5 23) & ana fred @ avter wnfieor et g o n wF

A =b#boF, 11b3A, (+b A4, ;  (524)
T YRS TR H G 2
AR (523) T (S 24) A GO FE W AW TAATT POA F
a3 Pttt & & 9w F ¥
by =alf, by = BAB by = (A), & by - (1-M(1-B)
Tl e wear Frawit ) o wae & A daet 96 @ s e
b, wg W v ¥ Pl ol s # wmma o s b s,
"#ed wrl-emw ofeer’’ (Fonedman  Permanment  Income
Hypothesis) @ av=rar frev & wdf & ageanfea foray s e &) wwnr & &
o gty et § o great anha = & wwd §i @ Fed B wen
w & fr yam e waa d
Yi=a1a, X;+ +8:Xe + b, Y, 1+ 5,Y 1 +
£bY,, ¢ (525)

TR SR I FA B
wyaar Pyt & swata 3Rty (Bias i Lag Models)
arem Fradt § g g o wm s, o o ol B! Rl e

"EARY,, Y,, .Y, 5% (Random) §F & aar ¥ = 3%
We e 6,3FW gEEEraa (Comelated) 8 &l wags Tret

1| IR g e el €
(1) E(g)=0,
(1) Ele, e,)=0,1fs=00a
(w) Efee,) =87 1fs=0
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a T b ¥ A a7 (wieRw § 25) 2 quft ¥ @ R, @amy st
oz Jft 7% #F o wrart of &t &

T, S Fred % e @erae gfe w R anm avaad of
T & awht &) wern B wr e (5 12) @1 e w0 E,

A =ah+ (I-2) A,y + bOF, y # [u=~(1-3) u, ,]

T WA, TR u, , T ke, dafs s (5 10) e
%, ol

A =a+bPs j-u,

T e = uy - (1-0) uy ¥y, TR R &) ST mmE W
A, | TR JR-Te €, T AR W €, 4, ¢ ,IE & 1kt 75 @mbua &y

w By #, wmrm wfem ¥ T § e ot e ser
(lncosistent) @ her (Bused) €1 ¥ swowm wmer &w &, genfa
weEa e svar sggeh s Fred 0 §ERRT SR & sEm aa
fin smes s B &) e Tra Fe 8, 4708 ai ares s
o A &

@, Afm omaml & w1 e B s 6 fe od F wfve
FEEEY (Senal correlation) T € FFdR T SEEH &1 ahEa T @A
¥, Tt § 3= (lnefficient) 8% 31 TR 3z o & s gemw & 7w
aefteor & quaen i 9 & @7 SEen @ SwerE I qu 3 8
€| 7z A1 Frewil-m=w ovear freet o yenfim o= el & vy F
=

ferafer averar freet
(Drstnibuted Lag Model)

T 37 gran B & e fn 8, fE wie e o
IE g & & FF Gia wiReT o ¥ smme o 3 Al o
a7 &, s wlter 3 e =1 % o oo R ¥ seremd, e
TR % I %E 31 R Tvee Pt (Dustobuted Lag Model) F5%
4

G =botby Yitb: Yy +b5 Y, 2
{526)



97 T Fraet arear & anpia gyt

o C, =y Fanin
Y, =coafd s
Y, ;= (1-1 ) uwmaty § e
Y, o= {t-2) 5ty ¥ oy

o el 1 3 gy 3 R ¥ B B & Rt sy S orar
ATl Pt S 8 8, arafq w wee shoarpiE A € e 8
e frenm grawty & genfia oW wees S & gt adi w ok wd
¥ e 8, v fredd W) v frafe Ten ¥ oEv ¥ ot B W wwa
b aarewe e anra g fredt &Y g @

A= afebBP, (18] A 1-By 1-puth 0]
(¥ et st SRR i)

(t-1)® i E,

Ay 1= aB+bRP; 1+ (1-BIA, 2484 1ot

ol (1) ¥ A4, A @ wam e,

A, = afbfF, 1+ (1-f} [aB+ 0P, 7+ (1-BIA, ;

+Bug 14y, 1 J4Buty,

=aBl1+{1-P)] +}fP, ; +1BL1-B)P. ;

£ (1-BF Az +HBurv) + (1-pNBu +vi )] (528)

@ B Y an-um e o wrar & ovalg aher (1) @Y (1-2)F &
§ o1 Q& T A, , 1 A et (5 28) F it b, e 4, &
I T e, anf anfy | afy gw afEa o san grogf o ok @ e e
Eeicrug -t

A = [1+(1-B+ (1-8F + +{1-F)aB
+ 8P +OB(1-PIF 2+ +BBUIPF Py
+ (Bu, +vi) +(L1-B)Bu, 5 +v )
+(1-3F (Bu, 4v )+ [1-BY A, (529)
s (1-p) < (@6 <p<t)
T R (5 20) % AT UG (1-BY A,, W AR 3% A ¥ 3%
¥ aw &9 S waly qR A o wEw A AR v 0% ) srEder @
ST, w1 TR (5 29) 3% Frafe gram fa b



Eiccigcesd 98

gt st ST e et (s 12) Y Rrefa o fredt § werafa
T ST e ¥ | QRoTRREEs B FrsRe g 9w f

A =[I+(1-2) +(I-LF +  +{I1-2}] al)B,,
+bAMI-AP, ;¢ +bA(I-AFB,,
wu~(1-AFu, +{1-A) A, (5 30)

A6 (1-M)< 1, (@FfE O<h< 1)

SO A R (1-AP A, , T AR Y A A I BT W R
AREGTT & 9T HHET (5 30) & Feeie wesrer Frewt £

e e frewd & Rrfta gear swR (5 29) @4 Senfi Srea
Fret o forafer oo &1 (5 30) § gET S o €

T T A ¥ s 3 W 8 BhE we-wee g ¢, Tufl
Fiewa u, aan v, § sfirs weaaeg 76 R ¥ v grea B & e,
Tfg 3 12 o, # FE wEEEy ¥ @ aw wdww (5 1) ¥ 3w Ao e
Tewa Al e b

frafer araal ¥ 27 W & o T o e 8, oeg AT A
o284

(1) oI TEE (Geometne Lag)

(u) T=F wF=ar (Pascal Lag)

() <F9 w=ar (Polynommal Lag)

Teafrar e et (s 29) @ ( 20) Ferafw overen et & fedm ¥
frar ‘it gEeae fmRa owmr fred’ (Geometncally Declming
Distnbuted Lag Models) 8% ¥1 et s wveren & gfg 8icht b, 32kt
T FT = O & TAreds o9 § www (plA R whed

fafia wemm Bt @ ot #9 X g @ @& (LM, Koyck)
o = frer )

frafte wwar Freet @ fidte & off 8, Rrgehy apar seaar (Pascal
Lag) %%a ¥\ fr Rt ¥, 1oives freet e 7 € e, et omeret fredt
& wEm & awd ¥ 3Rk i & gan sl # o) e v ve
B qUWRT (weights) % 5a Rrawor a1 ‘sfetifivs v esrer fawor ” (Inverted
V-lzg Distnbution) % ¥
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frafta wrar frdt @1 gl Sam wwRr w9 ‘apm wyear
(Polynomial Lag) &
Yiomarh X+ 6:X 0+ + 6, u
{531)
a7t a =BT
by, by, by~ Titta T R



6

AW STt il it =g T
(Strategy of Indian Planning Models)

AR # oF @ (Strategy)' @ i @l o aafE
{selected) frrm qu w1 et 8, A =pram @ o e o wwa & 1 =g
@ & fker & deftr amra-frta sy o v wen M ad 3, foed oo
sré=ravn ¥ adan Sed o § g @ s few v re & o e
Frrt g A = fer &9 & Fff 8 &

T 9t % v i) a0 s of R & = v & frg
3 otk ar-fraw S @ dilRfe sahe aw b Be-fm ond e
R i §1 =g ol ) Sdaretta Aot & weafy G mo &) w@ wl
#, oF N ygw IR & wimw (Identificanon) T B wya
sfraedl o smnfta & FRY 9T (Investment programme) ¥) 374ig,
SE R I & @ & A gt an ag g b, S e @t
P AR AT by o ar &1 snfd fre & et @ wre v § ol
wX ¥ qrany R @ grafinma @ e 9 g A 5 tg e
T Y wionf Sy o aer B) sdis st ot S W e At
3 fifta s =t nr e &l 31 ¥ o srtern v & Brft Rl @
& Ry 7 B vty e sl F wod B s 8 &) araferar
aE & B, g @ i B & WY (Pattern of tvestment) Rl sgept
¥, wilFF it ¥ owr Frvifer S 7 grfand @) giena @ g fafre
et & st onderawen frma & vt o sor Bt ¥1 & wer S
o S fr o A ey e F 8, o @ el Rl

1 “Steategy” ¥ Rrd, ‘sengd A, AR, aravoqy @ wf qwt
i ot B st #1
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¥ FemEoTe, e o b ad-amen el # et | it )t
fruffta wr ¥g ‘AR @ % @ & www o gman o & g b
wef & fr el s @ =gp e el e % o ¥ froifa #
it o < w3 yatw geg s )

qer A warft e gt
{Growth Model of Furst Plan)

o TdTE D Y O AT A8 AR o 8t 9w Ao o1 ff
St @ ggem wr A, HF 5% @ R & offRfd e s
srdergen % TdF ST & PaReRd B 9w o 5w den & AW
¥ R qam o mr =g o o agfa fifie o8 & oY) g gew
yarify AT 37 fafEt WRAeETI (Projects) war S & gt ot
T & T | Y ¥ o oRFRE (scnuuny) ¥ s et @
R A A 5@ dom § g aar fewd F R w0 ot ww Rar
arl & dve % ek qfae, @M @@ s I (dfe fome ¥
ftomraey syl v g 4 ) ¥ frm B o giem @ mran

Rt g e AR ARt @ of @ de e B
srRuia s fear ma an) @ AeaRdt w1 ot Kig-g e & frem
firaet g geTgdE FRa ST EwT €| vad oty S Y aud @ e
vq@ < & | g weR frefaea §

Y, =Yn[l+§)‘
o] s/v =faFm T = g8

§ =TT

v = §5f e ({h-Frfa orgra)
7 e Y Brenf e ey ¥
() K=vY
Lt K-Th=w

¥ =rcfi fria (s it 21m)
FreEr Y=Kv

T AR &Y IR e Fee €, s o m v am I #
At ({57 # A o g
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(u} dk_
I=E—xY
et 1=fam
s =T AR T
e} 97 5 vy o & B ol &) weefir e gfe F e )
() L=L,e"
L = tam sm-aifte
L, = SR8 47 -whE

n =% YIRE o @i R

ag} 7w fomt v ¥ 6 am ofie % e (exponentially) &Y
Fgfadet i

wiier sruat AR () &

L=L,¢"
it sy (log)A
lop L =log L +nt
da_,
Ldt
R 11::,. uﬂ%‘sL
%ﬁmﬁqﬁ-nmﬁl

m;m,iéq?ﬁsaq&-z(gm_;’ﬁﬁﬂ#q\%-arklm
wiFr (1)

K=K
s & dY
dr  dt
Ryt K=vY
et sY=vY K=%<=l=-"y
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v 1 i # vn frer gam ot ey s o e

Y=Y, ¢
e taek ettt as: il

W TR, K = K, & 50 a8 Fed gw e &R O gz
T FT A TR R

@ fret ¥ agEm, wedemmn 1 faa e I A
&t sfwa @ (s) W R @ B gr waw w@ Bl & o s 2, w=E
e #1 Sian @ (ARS) F90 & dimm 2 (MRS) F a1 A, g
MRS > ARS, Tt fesra X (g)#1 gy Forafes arwn &7 A aveTar £

€7 @9 (Frame work ) % sT=wia s ¥ nfvwf wemm e adf
# wea g F3 F71 gaw B, Tt ot am aw gfe = sm o
T g & o @ | o Ed F yyw A s 3 9 @ wEg )
SrEE & o0 1 4 gfeer welht o o) am oA dmw @ 21 0 g s
gy an) Wi R R w8 st wE s @ QI e w S A,
FAT ¢ I F T AE- 8| Y, @ Y, o 7 € ow Aqm wiEw Y,

=Y,[1+§]'%mmmﬁmumzz (s} @@ 1 Favg st

3 oftwer (Caleulated) B B B 0 (g) B i i @ afg 78 27
I=a #t da T A IR R T 35 ghwm T 31 = e e e |

qeg 7 STt g7 o @@ 7 e § afafia 5 @ a8 aEr
& T o @, s SRRy G B B o gf e T A
Twn g, faeeht G &Y sTaregea Ot @1 RReh G Y aw & e
B gig o fauam 4F T s G vy sAy ol sl aln JEe
&, foms far & s IW wRw @A & wHiE e & fod oiw A
% =it wge (Sterlng balances) faamm a1y

(Mahalanobis Models of [ndian Planning)

o5 qErdia A & 3t 8, grfag meemRtia et whore R
mat| g Freet 71 39 fadfr o et demmeit 3 s # e
foran oy | e 7% @ B e Pt ot e g T weREe
T ¥ wwrE W s o Sife =y 31 saw e e
T e 7 o ferm ¥ diehret siee & Awafaa B o 8% | T
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A ¥ s T =R w1 e aan W i) e 2 ep-wen At
w3t efon ¥l w Fnft et 2

T el AT @1 e 32, favn fgf wa @ T
F1 ERSAE T F GO 7 = a1 ey wensey dfs @ wfas
forma By @ o, (oo & el B gy A o AF A wels A
ST § FH A T oaE qur Af9F ST F T AAET F) OF 1 aF |
o e oo ey st afdE e # g i # e B
w1y 37 genR A, qewT @ ageria e oo oty seveifE
Gt g 7z s @ ¥ e o d fo & 9 T g AR o
Frafer 6 B, T IieR argH e i S ¥ vl & 2 Sl e
R UG H3T 1 Hider gex o 31 e aged a7 Faw snguifier
e Wi o Il & e A @ b g e oo & few @ e
& gFdl 2, vy e el gt e ¥ ofe % weew deEw F e
form ft 1 ¥ wifies i g o sty

e RETEiaE fraet & ¢ o wpafen &

(1) TraTg & (K- goods sector)

(1) 33 &% (C~goods sector)

7 AR ¥ e ag & ¥ sy B o qu A s s
e &1 Iim-g # i 8 ¥ Bonfe o g et @1 w2 B
witafia Py man)
Fis-Sh eyt g mRreiTEE WHEO & gRTE (Denvation of
Mahalanobis Equation from Harred-Domar Model)

§ meEEE Y Nie-Sw Fer @ S a1 Fraet & e
frar sawA neerEg fad He-S ot @ s w8

iz Frext a7 wgert wwn fenfrd &
{=sY
aTgan Al=sAY,
7z =fam
s=FRAI
Y ~ & 3

Tl a=5d
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Al=aAY,
sraat 4l _aay,
s 5L a, Y,
IL,=a,Y,
= frdg o & ymfeF fam
Eced AY, a4l
Y, «l,
s YeY, ¢ 4l
Y, a 1,
oAt Y-Y_ o, 5-1
Y, ol
<L ((1+apr-1]
i e (11apy
ar 1/8 =sh-Frefr argemr
Eeo)]

Y¥, =2 Y, [(1+06)-1]

S Y= ¥, + 22X, ({14111

s Y=Y, (145 ((Lsof)-1)]  (61)
a

wrET (6 1) WE-Ew fax @1 o v araan AETRIE TF &Y
forat e o 81

oo Tty ST 3 gt wiERe a7 3vdi R T @ Ewe
& et < & A e e R i &

g=1/60=167%FFRRR)

@ =1/20= 5%(FRHT)

LU I
3713 3 1 (5 Fria srom)
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T 3ty frefafian afy @ o
g=1/25=4%
a=1/5=20%
g st
ITYH AT T B Fg frend oW a & B 4 Fond § affe
AT X 2/3 9 % 34N ¥ wereed 22 af #Y gy ¥ Wi g & amey
1 61% g A W wRh & o ghoots wm R g e s e R ey
TE ST AT DA gl X IRIET WIT 93| I 45 By
Sy i oh-Frvior B ofaftes otm % 2/3 I & o T I PR S
(et 25 T P w2) Fres oftorses st 2 of Wty o
T & 80% P § a|

o errdfy v & waa o o g 2 3 ol e A o v oy
weg aft 30 AEr @ sraver A S B e @ ol wgft o A
it i vyt e & o Tl & oY e o R gty mrentfea
frt ¥ et = A e B e 81 S mEreAfE ¥ {5 g A
ol oy A % oy fim-fm & sRafm R fred e wpl
ardeaae v A &t 3 fenafra fa mami

A e & A s

= }'lrﬂk (6 2)
T
7 BB +b

Ay B = K 8 Bt 31 S

A, B, = Carg &t & @t 1 7ga

BRI X B A FY B A, AR A &

(3793 B b > Bhc)
o i T & wfer (6 1) 3 o T T e AR
a1 et T T S &, vy sedT fidtr gt e & e A
Yo=Y, 1ra, (BB (1100000-1)
Akﬁk
(63)
TRt (6 3) IO fra & e by
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R B, T B, F wFA ¥ § R e o St ew s gfz @
T ap, A, T4 ), T Fnle oty

R 1 o, %1 GfEw o7 faw s a7 i 7 (Policy mstrument)
¥aet ) O (F Iy ¢ 2, = 1) owem ), w1 Frdier ke & A
2% 3o oyl % ar forpra wa 3o B aan e W & ara e g

FTET YOI Fo s g f 8, 96 anT 67 § wom
g1 7 € & B 9 @y 5w ae W aw d & PR wderasar § gur #y
s s afm s wa ity
wEEias &1 747 ¢ B vafe G g &9 & W o smewe Cag
&7 7 BT A IR & e & &, el K asped ¥ e i v
framr 71 Sfaram wm, 8T B, 9@ T T TN G@E F@ L, Wiw
w1 P wfirs s dsfrr awg @ 9 ovrafed €vm, st & s e
o e o Bl vl B > 2, WE p (P Fwe § ) FEm A
4]

& &t & Gf Fola sgme & ferm & arew wardl & smum w o
weTEeR ¥ 7w et yw B B go Fm @ W & @ 1/3 w5
@ @) armfen fra o ATy Y nEeEE & oF & gga A 3 8
P spdoremn @ (A closed one) %R A1 §( srwigm =nw o
# Bafa & 9 et ¥ aF 7 o e &9 ¥g 77 e ¢
Frata o s s FafRm e 1) 39 BT ¥ SoRaey 98 36
g & fr e ¥g e At o s e 87 § @ B o il
ardeE 4% Fu 3t gt g & B Bt qan g el disen 3 Frem
& wp-E FuET ®9 § siom weew & ff w sl 0@
wEreRes ¥ qem R o o -ree A & &t & Fredrmor ) wog Rl
SR AT S AN R N W Ww ek Hyimmifa s A
=% & frd & =0 & b fen) 3= o webla e e e e
et 1 S & meE 7 8, Ay I e Fuged 1 seneT o fr
s ey, Rrek o@o & & ¢ ok @ oovg W Wi - fred
(Ray-Sen Model) 2 Fifor & (M-Sector) T @t 3 &1 waifes 541 8
T ITT A o moEd e # smned fandt ¥ Fin et
(I-goods) &1 Irie Eiar & war a=41 (Machwes) #7 3 Seare feem s avrart
¥ ox oot & B wdw B mrreeifen et @ she e aen, o s
fireat 1 Frem g1t 81 {6 a% o Rl @ gl et Ay & wei



109 TR AT BT @t g7 e

T s ferr T | g, IR SRR ¥ Sp-GAT F1 Sy o
Tt & G e shdveae w foom aw B ¢, SifE anie awptt
Fintt & v 7 B T EEA

drt T #Era (Vakil and Brahmanand) ¥ ‘afdm =w=
T’ (Project Selection Approach) ® @@ Bear, fam¥ Igwm =
AT &7 < P B, P - g v mn & B 8 vy
§ e ¥ o gunelt #1 awdr a9 e w e ¥ wereei frdt
sreerh R, fra¥ oo 7 o @ ¥ Fe Fae G frla o @1 @ e
%6 3, g o= g (i BT @ A B I A1 MW oA g
SEEE Tt ¥ g off T & weeyt €1 Tt sdaranat f % 3
1 amawFa ¢, faad §Of 37 3wmm meeegdE e S & @ = e
& & frfa o s=Tw 2, ©= ¥R @ @ & omu W U B &
ETE T I AT # I A FT oA &7 ¢, AF 9 R Ay
wE
iz oF agrertfg Barr frad & oumend (Sunudantes between
Harrod and Mahalanobis Growth Models)

St 1957 B Y srErertew g e G i P dre v Fert
¥ e 9a % wnpw & 1) & 1053 H 7T 9 Bt A el F
ofaffa a0 Wudm i quadfa @ # age e Hizerw e

s Gt ¥ farm 0w e g €
%= %, 10 = (e apyn)] M)
Y= %[i+a, [’————“E;‘:B’:B‘] (1+pyrar1] w
2t frme it #1 g o B e e

{a) ¥iz-dm Bt & 5w @ o @ oft ¥ SF oA
R ot & P2t g et BT 21
2 Bethc B,
(b) ¥rz- e frzdt ¥ @ B wrerifem Fradt & ), 1
Fra mar 8, aratq R5-2w0 i § (1458), TR B R (Ledy B
Famm i
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o, & Pl 3 vemw wREY S 36 fw 8w Sy
g et ¢

(1) ¥z 2wt Frai i-aeog o1 oo forw Fed € wg
wereag freat B2 et @ fmm &)

(2) 3T foreeit o v Prelt B ot i R B g W €y

(3) 3 Freet 1o e e Y iR W e ¥

(4) -2 frest B Gh-frfe o 9 B oom s B
weeriew et & ot S frla omue &Y et AW o R, W@
FRTCRIEH & SRR f, 7 f, A e & R b

wETerR a g fran
{Mahalanobis Two-Sector Model)

i meEEtm Fre g i & Fr 2 frevt e s o arem
o s T ¢, 92 B ¥ 0 sraie s § & & & R
Frr ot @1 ofine =g 9 @@ ST Ay A | A F1 ol agee
7§ wufe (Vertically intergrated) ST e 21 andm & & foy s
et A F Ay d gdm & & afviea B o § e G A3 &
o o1 e QA SRy A 1 #Y o (et 8 & orwta o S E
& R & agew fim & avargen & o # fonfie fmt o w
%, uF W i g &% § swne awm F gig ¥ @ Gl wer i
T & ot I e, § gha 8 S Bl 7 FR 4 & s § Refem
gramm &

=2, 143 ], 64)

Tt )., = A @G & ) A AT A
aar A, =30 @ B Y S ST SIS
FAEET ab =1
TR B =shma ang 83 & §sfr-Frrla s
™ B, =33 7 & 8 - Bl o
AR ST F g Y
Y, = Cetl, 65)
8 BB - 5 ST T

Ipthc



1 sty e el #t g @

th =1
B = BhutBA (6 6}
azt B =S50 g e B e o e g

B, =3Il o &7 ¥, el R d e

3T 3 wfirds B wRoTRey AT aat I & o gy ) R

(v 3vdm) B ofadr Wt B R () w Pk} W Rl Rew
o2 & G e §

Ity 1 =Bed, 1 67
@ C-Ci=Bldis 68
T (5 7) T Fr= pE g T e EwaT

L= (14820 1
& Bfim e (= 1,2, ,o0R) Ty wEEtam amw sw AR E,
I = (148K, ,
I = (1+BkM
= {148k ) (11 kAN,
= (1+4pkMF 1,
i af atfam w9 &
4 = (1485} 4, (69)
¥ I, ~ 1 [14Bde)-1] {6 10)
gt 1, =N
T (6 10) Brlmr qu ¥
SE FEr HEREOT (68) WY £ ~ [, 2, IR @ W B pIR 6
g 7 FFAT Y
Ci-C, =B,
Cz'CI =BAd;

GG, 1 =28
TRk,

C-C, =B [l thelz + +h 4]
wrer (5 10) ¥l L, +l STATI NIRRT,
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1

C-Co = B Lt B, +{ 1+ F 1y +

£ 1+ Bt 1]
= 0B, [1+(Mf) + (1408, F +
{108 ]
- (140 B V-1
284, (147 ,f)-1

( it vt a,ar, af’%n@ﬁﬁﬂ=&;“mp
-

(1+7~1o3k
s G-C, = Afd, gy (611)
i (6 1) I fremTer owr )
o # gfa, R § ofiedd a4 3o § oftadT & 4 & Fue )

AY, =AC + Al,
Sraar Y=Y, = (C-C+(i~1,)
T (6 10) 7T (6 1) A W% @ 00 9T g B,

YYo= 2B,

14 ‘fg’ L Ll 1)

- 17 2B
=LI(1+,8.)-1]1 )J:l
2Bt} B
=Lf(1-) .5 r-1] 22l
[(1-).8.1-11 A

S Y[l -1] iﬁg;:‘#t +Y,
ke

T [, =a,Y,, TETEAR
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R wEerfra 3 sAm & & Borew v o 78 B @ B g
g gfe & 3R @1 sraa gmaEE Rear @ Aw B, sifig awatiea
7 & fr ot @1 awg 9w quTER T b, daw s B ¥, Shfe ot fafim
anin &7 & e G s (B = Y/K) ¥ wits mrer & v & T
&1 wervt oY 1w et 5, o T ot e e st & o ege
&1 garam frat wa &)

S wErEeE ¥ oy SR-8ufra Fredl wn ama AR el vt
% a3 Few &) 3o o & w0 v 9, o iR waata ¥ sE
e @ afwdn @ @ Rl @ quaEty § w F sl ¥ gia
ardteaamn 3 fafint &1 % oy anafea Fr argma 7o I )

e & 3T W &t ¥g ST e afonfé fed ma €

(1) B's =W B, By, Ba By T UT B3 K ¥ frfa G
T (Y/K) So AT §iE am AW g WP w2 I
Ezch |

(n) o'swwY Y, 0, 0, 6,FW 5OF 4 F B I o7 g
(K /L )we s o i () g B = e

(w) Al A, Ay Ay Ay T TEF O 3 uew Friw R
4]

mmd fF,

A =vaadta Ao e § g A,

E=Tdmamigigay),

N =vaadia A & femm ¥ afk )

T T % & A 2 gas wew 7 A o & O F adw
o ¥t of @) v o & f gt & e & fiffr fear o &) soor
aH} (A's) % B g B % urag fifim 831 & TT S gk A wm
€ 7 fe 1 gwar 81 1 mEElwE ¥ ot o gie & aRg o awa
% v &Y e A ¥ W g% I B & B, W@ ad e qonet
o anfdas i &1 Fmie frext o fmr s wwar 21

R g, oA A I & oW g & a7 mEee S g fart §
ey wfiem e R

E = Eu+Ep+E; 4E3 (613)
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N = Nt N+ NN (6 14)
A=l Asky Avhy Atdy Avhy A (615)
N P et B seden 8 ot fm gf 3 st Ry s e
Ne “3‘4 (6 16)
(3
A
Ne== 617)
0,
A
g (618)
0:
o (619)
05
I ARt GRT A 3 0 T e s €,
A =N O+N; 0#N; 0y {6 20)

[T (6 20) 7€ w1 F & B deaEee § ga R widw S
AR e e Yst-or AT & U (Multiples) % @ o amr €

¥ ga e &7 #1 amw ¥ gix w1 o Freffar wil oo
Py o w ¥

E = (M A (621)
E; =00 Al (622)
B, =(0 AJB: {623)
E; = (3, Alp; (6 24)

ST TR G g 3 i g gf% #7 avered fr g P
e &

E = BANA + BhA + Bihz A + BihsA (625)

GHFI (6 16) & (6 19) ¥ Tevaar g dew g% F ot & oy
Eirtatckagicad §
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E=Nb8B +N; 6, B, + N, 0.8, + N)0.8; (626}
ofz 7 g @ AfEF e e B o O A vy oY ong AR ¥
frfra @ ma e §
E=AY=Y,[1+gP-1} (627)
axt AY =udg o & = g%
Y, = RS
g =g afg & wfim &
7, 7Rk Y, = 10,8000 FT ¥R
g = Suftom
w3 D & o T oA T e § 5 g
~ 5
E~]0,EDDD[(1%—0)"1]
= 2984 HTFTY
s 8 fredt ¥ srmia (1 W daT 12 3T Wb, O 90 8
¥ AW, e Aw AW & T) F aniE 9 e 8w g § et
afufe (Indeterminate) B S &1
afz, fft ga , wiaRe i # g et Y W, qa T e
s & s &)1 3w, Rt A fies w e g @ meetew ¥ O
A, F IR A @ A R

w 1k=_;=33yfam

wh ww § gla (E), 7§ g% (N) e fra B g% (4) B
Bt wm A & o E N B S § avmer By e §) el
wEatlr fe # e g W mererew ¥ @1 B S g o
frz

A = 5 5DOFT T

E- Sufe syaiq @ 3000 Frg wek gfe ad

N=l107@

W s 6 e ¥ IR T ¥ awes g &) ¥ e
s R €5 § Fuife B o @) Do 519 § ey sfafia we
qmr Bl § mEEdieE T oy fedd § ww Bhm it g ow ymE F
Frefefiae AW geW g



17 L S it o5 1@

-3 A (0'5)
6 = m-mzocmrﬁ

8, =301 7% 3,150 F7%
Fobr-gadr s 6 51

B =020 5fa e~

B =035 g gr =T &

8, = 125 5t o ¥ 45

Bs =045 s wr = G

TR g (3T F s W R, F7 e bR B g B
SR AT ST aE @

a1 K

A A =22 s 56000 - 1, 8507 ER
100
. 20
E, = (3, A, = 1850 N 3705 TR

A _ 1850

N, =22 = ———=9a—~1m
& 20,000

i SR s 2 ¥ Ry i, T oo ST B o e A

maﬁ%l%ﬁ:éﬂ%ﬁwwﬁ(enﬁwﬁﬁﬁ%

a6 1

&7 fram gty (A) mEmaH T i gfg (M)
wgeva ¢ (E)wgeaat & g eTet
K3 1,850 370 9
C—5 980 340 11
C—4& 1,180 1,470 a7
Cr—3s 1,600 720 43

= 5,610 2.900 110
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W B X o e At e fidha geadie deer o st wed
(Subsequent) Arerrett & | ufy 76 et At § s sadnt s
7 &, @nfv v Sl W e s # nd §) s ¥ s
o (Alok Ghosh), @t T fn (A Mutra), ! & @ (KN Raj)
anifg anfwedt wgE ¢

wererAitaw f &Y srenaand
(Cnticisms of Mzahalaobis Models)

e v o e s e

(1) @z Pt ¥ skaes (Operational) et ¥ @ #=am
e % SR &) g T, T s & et @
3R aTae sweE

(v) x@ et & I angell &t A R mE ¥

(m) %@ fred & gz o o o & e g SR o T e
g & 7 oTafen et o &1 awg wE erqer Few sew ol
) fear mar §, vk fod o oY e s o e
]

(tv)  eb-Frtr sep (K70)F ok gen 2 i &1 s ek 3
F G a ona qun o o wger B, o € ST amAl A
a9gT sqggeid B e mRd |

) E P & i aed A Tl dreER A T ) gl
BT s § a5 Fafr T o, FE SRR awgeit & i R
& wiftra ot |

(v} g frat mw A off @ o ol e s &, o SRw
7€ &, Fiite I ¥g TS AR &) Sawwd B &
i SeEr 76 Bl &1 § aEeRw ¥ wh afw (e
o FFE) I T /W @ A ¢, Fwa st o e
T 1

(vi) ww Pt & 450 frfo o & S R qRE W@
#, sl araa N ¥¢ 799 ¥ T~ wry aRatda g &1



7

TR Tl TS qor wEwey
(Simple Regression and Correlation)

¥ 7 Ffiw o« # g7 Sfuw @y o T ¥ sig o At
F o & ey a aRad F w o w0 & off sRady o wafy mE ot
) FEerm- T I @ i el ow o A 099 0w & wEbem A
wran & 03 freft 3 91 ow T A A o o @ T b @
FRT  afeoTe 1wy oft 6w &) o &9 weee o Frented wion
T I TR R

w7 & 1 it 90§ 0 aw or & o § e Bl froest §
aRterdT 8 war oF =t oftah gE = ¥ oRedw 51 ST 8 (ave 5 wER
TR M WF) 79 ¥ W @aPud 2 (Related vanables) FEem & o g
w1 o @ 6 o Wl § wewa &)

v wi ¥ g wRad-t #) feen o3 S A0f ¥ WGR W gERy
et s T S wE B

(1) UxT=S 3= WonRE (Posttne or Negane) — 8IRT wiit
7 oftadt g & For 3 @ (o79q % e F g% o 7 B o
-5 5 o gf o w5 A Rafy § weerry o o ¥) s,
ol damimgh fidsaad tawag
B gy B et Y oram 3 @A O & of A e )

= & 8 @Y eRads v Favil fon 3 § av % waw A
Ha Woay FET Sy FR s ¥ SO, e ¥ gfg 8 wan
B Bk & g A e O b B i A B



7

YT TS HHTIEUT 7UT TEEaey
(Simple Regression and Correlation)

oW SF T ow g sEfeF gER TT 9T B o o =
F AF & F ar offaet & AT 401 W 6 o 7T #1975 ¢F e
vty R st A R T e s
w7t ¥ O B o | AFT I AT e T @ B o 5 by A
FTTAGTUR FTAAG A T AFAME AT THA A BT TWT
TR R EFAE

7 70 A1 F9F @ R OF a4 0F € 2 7 wen friw At
T A et wF o & Sfer #Ar g of T AT F T e ($u T i ST
BT T AF) @& ¥ W g=0FT O (Related vanables) # § ea o
Fr e d fr = et F aww

g =0 ¥ w5 ¢ & BT OF R3TE W F U §ree
Ryt nead

(1) waTE g wor R (Posiuve or N\egauve) — T w8
¥ @7 OF & P & 7 (497 0F W 775 §F S FE LA G
T g g g7 e an & EF s emm aEr e g
frfa s gmdgg A e namf P awggr 7 tew ag
Fr R am A TA T ad A n T

A % £F TR woad Tow At far § ¢ ow 5 RN F
FeF Fam (R TR E A Y T TR R AW AT
sERrE e st rr o dgg et
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(2) &, siifees smaar wg WewEw (Sunple, Parual and
Multiple Correlation }— & It & €¥FRY &) A AERFY a0 A §
i Tl F wEweey & ag-vewaT 76 e ) anfins g & i
m?ma,mnﬁ@ﬂmﬁmmﬁmm&m
el

Y@fe mar ar-Yefit wrRerw (Linear and  Non-Limear
Correlation) — 3fz & =i 3 #ex af@ds & siqum @ e & a7 = e
HEWET BT AfE w1 % we wiadHl @1 v eRe Ad @ 19 @ s1-xd
gaT TF @ TR (Curvihinear Correlation) & 1

T AT 3t St A SO T SEHEEY 6 Sa F0)

e & at Xew YRRRA s & nRA s x, x, X,
ANy, y, b ERH @ aFEEi (5, y, 012 .n
& = & yrga o o A 81 % g R o (Buvanate Data) @@
¥ qur fam wmm & & fa¥ n2 ¥, 3% fafaev @af@ (Bwanate Population)
wed E ol @F o v #Y R awawar @ (Bivanate
Frequency Drstribution) 8T s &, Fret gemery @t (Correlation
Table) % w7 & g B s 1

Tfg g% I w T AN W X-Y v § oF foeg g0 10 Fem @
& e ¥ @ Ry B fg-Rm (Dot Diagram) arwan gaiet s
([Scatter Diagram ) =T < & | gt & & wremay a1 it AT
wdnm & wfem meet (Su Franas Galton) ¥ fmar @i svdemes &
wEE aHhE @ fT s &) ARdr (Neiswenger) % #eTeR,
“graay faede @ AifiE @aR & sraa § dimew &, Rl sregt
=0 B @ 5= W PR & 4, # @ 3 wgws 8, aw ardeed & oee
7 Tt B me e & R g s 3 € & a s 3 It
1 g ¥ Frih o R e e el Wi e a8

= & mx gg § ¥ (Form) awn @wawq & of@w (Strength or
degree of relationship) T STTIT THIRIT 71 FERTY AT FaT FA
4l

gt R & fogelt & B & smEe 0 @ 90 & Ao e
¥ w7 Y s R S @A b, e w § ¥ fog B 3 g
i (More or less concentrated round a curve) T f e e fafEma



124 T G T q7 7T 747 FARay
€1 # 3w 997 B v g em ¥ e e W oA e oAE v
m&mmhmm%amwa— (Regressior Curve)
FEY 2 v 9F 71 OPET W avm e (Regresstor
Equation) Feerrer &1 &f & g oF @71 o3 & 9 o s pa ke
HARIIT 5 (T FFT S ¥ T EE vy 305 0% & v T a5 T
#, XfaT @EAaT @ @ 03 (Regressivon Lire ] #9931 TF
1 @l oW a1 F oveT & F an 1 vy w7 8 o oo e
& afrre

AP T #1374 5 g st AT (Stepping back) ¥
e gwam Tfedf war=d % ora § garan T (Galton) ¥ Fand aw
o # St v may mafe @ ¥ g Ry o ey sTEE A
g e #7137 =it & vy Fedt s @ qery mpfe aw s a
¥ wEEf n amm B w wEn o an & i e s g G
& s wiow wrafvg S0 & Rfm gewn & @ o @ ot AR T
# ggfa arft St &) 9T TF W &1 FaeeA (Independent) AT AT ¥ FET
T <R Ay 3O (Dependent) TAT A1 B w8 fawo # 525 wwm
a7 & fF moa = ¥ aw @ @Y | 30 o = F et A By oaww
qaiymtis frar s o forg otaves @ B 9l ¥ wery e s
o wa ¥ geg feg wma) @ T em A @ B wmmee R ey
A gt aar T A uw wF el @i A oewn sem a8 s
qrary Frvdmer & san ofuw =1 ¥ @ 9l #Y afreer (Closeness)
T oy e ¥

aPET # e T o & O, weth o w-ad (o) §
= pd fadR 8 o1 gt w0 () § oF BiRw it § afteds
Bl [/ R & w2 et W aema’ @ geeery e
TETEY FET S ¥ WE FAR AW & X Y g 6 a3 & Re
T P AR W T g A O A o e ¥ AR e YR u
F¥ qaigTi FC1 AR &, G XFY S 9 AN & JAH TR 7, G
X FeR ¥ ¥, ¥ grga @ &1 W@ S A XR Y (Y on X )F @HmI
T &1 vt gEn AR Y R wr wEl & R X F w A g e
BAXD vy wmremimmand, Yo X' (Xon Y)ar
FaPTer 5 e §) 39,
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Y=a+BX, (XT Y& (s Xw)awmmm @R, adn
X=y+bY, Y U X &7 gammer @

g 2 =% & o7 amm w7 8§ & gwe e a9 ¥ §
O T € ST, aft Xaar Y g v aew sw ‘g o
ey | A
wee Y JEmsrer (Simple Linear Regression)

TR AT X YEAAT X, Xy, X, qNY,, Y., Y,i@n
¢ e A Yo R g et 2,

Y-=a+BX 1)

T awn B I ¢, S g v a1 s fog aar ey safta
e &1 7 o ket 7 1 & smee A

Y

@R T

il T IR W W W g gefi 3¢ s sraky s
o & o Prg o e Y O | ARk e X=X, F Ay Y ot
mF Y, T T @ oW AT Y ¥ ARE (Observed) AW Y, & fim fw B
Y, 741 Y, % o=w & AaiTE st amfoos 5 (Residual or Random
Term) Fammw §|

Seneed, afy en aiert & Riten ww  ovgyea STz awet & smum
R I =T (Y) A0 TSI A (X ) T GO G T L,



125 T T AT T9T TETT

e szt & n gRET o1 e Brar ST o poofEdt G Y o X F
n AE & gW e ) 3T e 7 T A wra B el oftam o B afert
& STl B, el &t g o X% A y & o a5 i & A afiar
afier = Fom, T en q¢ AW @ ¢ F T @ e oF Rivm ofr ¥
afare & B aam, st g0 ot & sgga & gt nfivd & & Fer
eadcieald
Y=a+pX + U,
swE U =Y, ~futBX,) = Y, - Y,
T U, T I e QT IR & v &
S U, = Y ¥ aafas soan i na— Y 1 g e
Ecoizngict
@ EFT § U W & e &9 @ o oega R o awa
4
) W & o1g v A aE R & ik T D, afrg o s
ITRET A, =W # @, wRan & aw A amg, @ om,
qeriTa AT, aTderE ¥ e #7 w S v Enf e
21 @ e @ B Indm @Y e wgfe R 8, sl e
¥ gra A sRadweia ¥ qa gl (72) AF A @
T3 W 1 %03 ’AA E, 3 INRET F1 S Fg oAl
a1 ¢, o 3 fad o 76 &)
w3z A fo s & B o R ITRA F1 97 IR-9%
(Error-term) U/ aamifm e mar 24
(u) TR T F7 i For g B e s STRHT & o
& g% AT FT0T o1 ¢ W & 5 i g sfis et
st A Graett 8 sTaeEs w9 & oaiea Fxar d)

() I oz & Ieffn gl T v At sveEn e afet
]

o T Y =a +pX + U,
@ g STy e o § 34,
(1) 3z W =7 wer (Mean) Stgay nflg gem (Mathematical
Expectation) X 8, 3R E(U,) = 0, 55F ¥ 5%
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() Ffe v ¥ fim om mom s § SR EU U )= 00 pg
&

) ghewtEEET (Vanance) £ (U})= o’ fremm 2y
nfordr & i g freh @Y o0 v g e P

Y=a +8X, + U, t=1,2, n

E(U, J=0 g o fo

E(U,U)=0 1 # ¥ fer (1)
E(U, UJ=o? & fEr

T 0B, T 0,° IR TN & €7 ¥ TEE W qEAST HOw
T AT AT AR 2, 59w o Xaar ¥ & T o famw o @) ghe-vr
U, snarie Rl R g g ol (fes ) xR @ Y
8% fog % e U, & w9 3 faeg o aemew W (Y on X) F A
a7 v & W, Y- 37 B FHEAW R |

b4

. JJ-\'BX

ol P x
a2

Fer ghet (X, Y), ¢ = L2, n¥% ¥RE ada § ¥ o A
FRFer T Y 1 FuRer (Determuning) 3E=H (Fattmg) e €,
Pty wi) apaes fafY “gaw =7 i (Method of Jeast squares) &1
Wﬂﬁ & (Least Squares Estimaiors)

T Y F amae A 7 g i ek qgan gt | dia
forgedt & e 97 AT & Wl 0 A T g, F@aw i Rl weewd ¥
T o Y S @ Ty go m O 8, =pre e @ (Least
squares regression hne) FE ST &1
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G 2B (Y, ) =0

gl @ e €0 & famy m

n

I Y, = ne + BX, (78)
=]

n n

T XY, =a T X, +pX? (79)
1=1 1=1

wiEt (78) T (79) #1 5@HER §¥E (normal equattons)
5 B W e B v o o an B & AR G @ foaw frr e e
4]
THE (7 8) A (X )& 71 (79) B 0 F o AG W
(ZX) (£Y,) = nax (EX,) + BIEX S (710)
n (EXY,) = na (2X,) + 0B (ZX7) (711)
(7 11) X & (7 10) Do &,
nEX,Y, - ZX,ZY, = B[nIX7 - (£X,)
IX.EY,
_nmxy, - sxry, DT

N Ty 7 A

i2cel B
B T A qHEE (7 8) § W@ W,
né = I, - Bz,

g-ZY _pZX

¢ n 6 n
IYIX7 - SXIXTY,

nEX? - (5X.¥

@77 % FTEfe A Xaw Y w9 & 5| g el o g

(713)

»
1



129 T VT EETT AT R

L (7141
R ) FEET T 6 Ry,
P-Y-pR-px
s Y-7-px-% (715)
@ - Dakf
XX -n X
(716) & anfz graTyia &
Ecgactsil
5=X-X @Y, =Y 7
3x = XX,-X) <0, gy, = £{Y~-¥}=0
g f=5=0
R YT YH A & wa = F R E s ar
o H e el W mmifsa=omr

il
Ix?
war =Ry (7 16)
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6t g ARk X sl a1 Y # @A < A A XA YR
AP YT
X-X=8(Y-V)
]
giFm % g B A Y F1 X w @mas TE (Regression
Coefficient of Yon X) ft &1 w 2 ot b, 7t Feim (@=imn) farar stren
HEE

£
8
B
=
3
5

T Var (x) = XF 580
 Cov (X, Y) = Xoar Y &1 6g-580!
76l YER X&Y' T GRAE T
> YX-nXy
» IY? - n¥?
IYX, ;¢
on Y oy (718)
Y Valm)
n

@ Var (Y) = Yaigem
I YE X T
Y-¥=b, (X-X)

_% Cov(X,Y) ¥ 719
g Y Y+——Var(X) (X-X) (719)

TP v AW X T Y weay  fean s =A@ R
(1) ¥R B ers Bmaw A FfEd R A W b
(u) =72 B sworra € e ST 3 ufterdy Favder Remw 3 8
(w) B, X5 are Y Sofehr S am a2
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TR T
(Correlation Coefficient)

Ty & e B B e @ Xaw ¥ RaF 7 (Linearly) &
wafya B, @t ferws (Carl Pearson) ¥ 39 At & ohun ®, @
Pr oy ghemm & et iFe & mo o femw @ & 20 @
e o (1) oo a0 a1 Benfre g7 g e, faeat gt
sfoq off g7 S e

T 1S (. 720)

VVar (XJ Var (Y}

ot o v ¥ Stvw & PP et R wem @

L3R (VY
I S
N -7 .
V(% P> (X,-X)"-i SY-¥F )
SX-RI(¥-F)

VIE (X-XPE(Y,~YF]

I(YX-nKkY

VHE X2 - E)(2Y7 -afY?)

IXZY

IvX
n

cYy,
n

) {37 -

I
n

[ oz~ Z20yz i B )]
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K K

RO - T+ S RT B, WaAq -l < red

A r = 1, 73 TR Y T R wd Ay N xn o woE
FEwaY R | #1 O (B ) FOeE ¥

afs r = 11 F i e Y@ 0 Gt 58 a p A o H gl
TIRE FrEE € Y01 F T (B) o Ry

ay =0, @ y 7O 8 F X Ty W (Tl a7 R
| B ¥4 A 8

g 4fe W 1A ) WAR € a9 S GEErERY O TR &
g e foreim a3 & (a7af & =t =1 wEwey TR SR @ A A
oy 371 33 €y whar 78 B)
wie fowds & wruEer qme @ @emar {Assumptons of Karl
Pearson's Cormrelation Cocfficient)
(1) 24t = fas w7 @EEEN T FT 8, ST mA IR BN
gifad €3 & Sifds 37 = ¥ ofada avw &@ )
(2) &t = & 9T 1 &t Ffe FKY arelt AT, T R & F
aar aRkemy’ & €y & gt
(3) 3F =0 ¥ 7= W 7= ¢
F6 WErTEIY A
(1) T wwEn T o gek @ fag (5,9) W &
(u) &A1 gy QAT &7 T e (G M ) /reees T
T g &
_Cov (xy) , _Cov (xy)
P var(x)’ 7 Var (y}

b xb, = Cov (x,y)  _

v > Ury
V;’ar{x)Var(y}
by, b@ rd &3 Cov (x,y) vt & s wewramr & fan
= T &) M@ @l F [ ( TAPRE Sl FRHF) 8O @ 8F
v 31 Ao Yared  weis ¥y 9T O &, S & amawer afer
¥ ee#§ w | sTmoend,
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= FrRT H-9x [T

T 61+

fRfm YR ) AT Wi em ) w A e
wrrsn e e\ YA gty A
T AR Y Y @ AR F e R e = S TR
PO rma It A st s T O §
sfus 79 s fsba &y

g, FAE -9 > Y@ ywedsrt
I RIS 29 A
o] Ny
o
ENIR4
<
T EFR= 63+ 05x T Y IAFTERTEN
e d 2 6ve”
6 7
s s
6
b5
9 6 54
PSR L AP
m bty =375 100
A Tl Fr & ¥

(W) af r -+ 1@ 3 XRETEETG

r1- 2@
=
o o, (Y-1) =0, (Y-X) )
Foran =i ww B
o XF YT
Xx-%=2 (y-1)
0,

‘3
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=t o, (X-X) =0, (Y-Y) 8
fem e

(A) w1 (B) g =72 ¥ e 3k r = +1, o &R wmee Wi @
{Concide} £ T &)

(1v) T 7 = — 1, @ ¥ &7 Yl v © ot &1
(v} 3% r= 077 Y=Yeat X=X

a7aty AT FEPRS O OF SR O & Bt @ Y@ YR X-
BT a0 XA YR Y- 3 F e ol by aratg 21 wad
Frerwmam s B b

v) errmR T A e WA ¥ el e A e 2,
Fat% FEES e S & ORET T ST e A

srafy o ¥ mefig it AR & oRaT & re o staRa wm

X- Y-b A
afz =22 n Wv—kﬁaru, r'ybw=7'b,,
h
aar b“,:}b,,

WEHEER UNE wdT ARGV V@IS 3 Fraed
(Conclusions Drawn from Correlation Coefficient and Regression Lines)

e (G Y)afemm @ ngsi (x, 3)1=1,2, nFE
sfwedt ¥, R wfec#t wim § afers IRET (Random Sample) ##
@ B 3 X@ar Y& @i ww & o siaet g B ot ok s e
b= b, e P R A & e et e e & B %1 g, R St
w2 & Ry B e % wemeee @ T s A 6 e, P e
% w5 Pl B @ w8, o B Ry e Rl
‘siFe (Estmaton), ‘dRees wle (Testing Hypotheses) @al
“fzamzar TR’ (Confidence Interval) 3718 &1 wgdnt fermt aet &, SF
gifeFar fogra (Probability Distnibution) @ i & ot ew &3 Rt
T Y AR Y T S FAw TA% O g g 71 W
=X
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gvare 3¢ (Probable Error)

Wmﬁmﬁg&mz&?fﬁ%ﬁwﬁ-ﬂgﬂmm
Exuk

PE -oftaw= 2 - 67451 (721

Vn

uﬁr@mﬁ»}?mﬁWW%MQm%W
heckaf el

=z 1@ e I w1 wgeE P ¥ Sire e T @ B
ﬁﬁsﬁ%mmﬁﬁ,ﬂﬁm%mwmwnma}
populaucn)mmmmﬁﬁgﬁvﬁﬁquﬁaﬁ#
mmﬁrﬁéﬁfhwﬁ,mgﬁﬁaﬁmw%maﬁm
ﬁmﬁa;ﬁﬁ%,ﬁﬁmm;ﬁzﬁﬂﬂmﬁvﬁaw
mqﬁwﬁaﬁwmﬁw%‘ma’r, n = 49 FE A GEEE T
r=025%7a,

pE= 67451225 - 09

¥ mﬁﬂmﬁ‘(aﬁmﬁ 25+ 093"ahouamme€rﬁ|a?r5
W%%uﬁwwﬁangwﬂﬂaﬁxmﬁﬁqﬁzﬁ%ﬂmﬂ
Wﬁmwﬁa’rmowmop%mﬁ%aﬁuﬁrﬁmm

Wﬁmfr&uz@mﬁWmﬁ%%&%ﬂm
¥

“ﬁwﬁfwéﬁgﬁmwﬂqﬁiﬁﬂm(cﬂcmmd
Value) @i g § FW E, ﬁéﬁ%ﬂﬁﬁqﬂmﬂ?&ﬁ‘m
(Signuficant) 7& &1 g af r < PE aamﬁ’—ﬂﬂsﬁém:{r%lﬁﬁ
R > 6 Pf?ammﬁ%ﬂummtn
-7 (Standard Ervor)

Wwaﬁm-gﬁaﬁajﬁmﬁ‘d%

1-7 (722)
w32 (SE) = ——
Va

o
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mpfE PE = 6745 SEwm@PE =%SEW

r+ 196 SEFed ¢ oaiaar- 196 SEaw+ 196
SE & g1 €3 7 it 05% @ a1 g $% Aot w O §eHEy o #1
T T T o ferdr I fen smar B
wewsy A @ ¢ ofieor ( 1-Test for Testng the Significance
of Carrelation Coeficient)

A ader & fafy om qe o afEa
(1) Mo #wy & Teaay o o 7 A A B
(n)  weEwE T 1 sl e W@ g

w) 7 r=ﬁ2 Vn-2% 1 T oftef fem w21

(w) 5% ¥ 1% wrdwer wF @AW 8§ n-2 d f & wd e Fvaw
¥ S &1
(v)  Frel- afz o1 oiwiom o awl & w8 wE &
e Biar 2, T TeRDTY 39 T W OE FU
S ¥1 afs o 7 o o e § R e &
=7 Pren &, @7 GewrEry s T aE e
g 6 5= ( Standard Error of Estimate)

X W@ Y& @PRY Y= a + XARY, & dfae am e srefer o7
YEwRm( Y, - ¥) Y s g e 8, foredft mafe atm aefers ot
¥ ol g o B e & e e @ =Y & TR e Y
s gfe’ Fer g g e o St @

X YF gRme S # gam gl

:SWW(LY;LJ } (723)

axt Y, = Yo et A
¥, = yersmwRm e
n =3 %) wen
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St B @Apmw X @t Y ¥ o dadr a7 AW (A measure of
goodness of fit of the regresston hne y on x') &1

R ¥, o T oA S @ g, o, 7 o, ¥ € 3w & g

Fwm g fefrad
=0, V(1 - ) (724)
IR YRX' EHAET HHER X T e
S,,=\/{ &;—XK) =0, V1) (725)

SEWRT &2 (Normal Distribution) & ARgawil & FaK X &€ Y&t
TR X ¢ S, % awag QR o ¥ i ¥ e et 3 o 2196 forg felt
B el R e & A e+ 2 S, % 9545% £ 196 S, ¥ 95%,
+ 3 8, %99 73% T +2 58 §99% fag Rralt €
3rmurrort 3ok { Coeffictent of Determimation)

w3 e A s R |y et v w ko ard 8, smalg
afy Y Efe & & a5 o g o 3 F & sl &) sve e
I TR e gfte & i Rgwaaydt ¥ gEw g <l
I weE o @ feew (Interpretation) w3 ¥ Fr wrar &
SURET T & RER g Breor (Total Vanation) & & wwit & fows
B 3w o e 81

ayafg 5 fraor = s fraeor + o R

(Total Vanation = Explamned Vanation + Unexplaned Vanation)

o I’y
2 y,-¥)?
s Va,()/):uyl:ii_n_—,ﬁﬁawr
n -
I (-YF

o £, =l amdye B
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AR s e gl #w e &, = v A w G
T FATTA A g S T ¥ sl o (Y ) § afteds @ e
AN et T (X ) g Fuifia B 8, e A @ Yar gt €
2, % g7 w1 § 7@ g o o wF #

n
s ¥Y-¥
=1

¥

o femrn =

et 14 § e @) # Ad e g am Y = Y war F fag v
e =it G &)

@R 74 § wnaa Xar g0 SR @ g e ges
firg ( X, Y,)& wwmmmm & gt A1 v (Sold hine) g/

1

:
!
t
¢ [ RE4RESSION LINE
1
'

ier s

f

—> A

D Y 74
T w3 g A Y = ¥ A3 % By Y (Dotted line) zrr w=féfar frar
HE:cio4

n n
ILY,-YF= ZIY,- 71+ (Y- DIF
=1 =1

n Py n Py
= T(Y,-YP+ S(Y-YF
=1 =]
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m“ﬁviﬁﬁmmmﬁﬁwémmmm|

FdFs faraw = g e - srediga Rraor

,2=mﬁ7m"7=072—‘9n1
Tt faer o7 (7 26)
X HFUTCT o Y E
T M1 0, (Mg e @1 ) adn 1, [arw freno g
Y a we wR fan T, svatq qot onEw (Perfect fit)) % weR @ ¥)
T YF 7 oo w1 sl @ qumraer Yo g ww & far s,
HFART I (7 T ST & (| FErewnd, Al ey [ 25 § @
aeed og @ f = (Y) & 25% aRmdt = (&) W omhm 31 2 # afewe
¥ 3 R Freafeer gt =1 e e e €
_BIEXY,) + nXY
Y - aVEE (727
(EX.Y, - nXY)
(EX2-nX*)EY? - n¥?) (728)
T TN 53 2 E B S ons, SR e & o & e
Lt md Py e R an Ry ¥ P = 128
w0 qRt s # 2 = 60 § o7 £% ed § {6 ol sy # wewww
Teeht 1wy & o o AfiE
spran et soTes w6 g
(Properties of Least Square Estmators)
() =pa w smoE s (Unbased) o §1 sEiq
E{p)=8
()  =@ow o o YA (Linear) s §) 3y B, B #
koo dd 7l
(w)  =Eew af wFPTE weTeR Y@y SEhER ST (Best Lunear
Unbiased Esnmators a1 BLUE) &1 swig of s
M st # B o e ~pgen ¥

o 2=
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2
Var (B) =£(x°+-x) wd o, = T F - et

<
& o, 7 TTF 5T 77 IF T 3, ¢ S ST
S S b e
o= Z{Y-Y)?
= -2
S, X YF SRR SR L E s ST S e = 8%

=+

S,=—% - .

N Vo 2zE %" (729)
& BF F5F 5% (Standard Error) ¥ I #1

feofie 1) 3% Xow Ye =R wEw FEaw a GeE L, = X

XK ewy, = Y-YFEEE, e Var((B) =>%

(1) T & o =1 F3%T W= 3 o T, 79 &2 =
M.f?:’mm?l
FRIETY GOTE B [r:@r ATETAT &7 t- GIET (1-Test for Testrg the
Sigruficance of Regression of Coefficient)
fchruntlcnd caEned

(1 H, Fessis,8=0,
H, FFFEETAL B0

(W) p=TREES e
m)
_BE (7 30)

Vo (B)
5% FRrr T SReeT & SR B = 0, 37 e w e gt fear

t=

6 (7.31)
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qg e FuT SNveiT T O Reway
(Multiple Linear and Non-linear Regression
and Correlation)

L pic o)
(Muluiple Linear Regression}

4 ¥ K 9l F G- FET MK WX, X, L X Eaw
lw WX, Fa AW Xy, Xp L X 1= 12, K& 0w sl
a1 forat @t 5@ AR Xy, X, X, Xj) ¥ wioedt 1 o oyawd 8,
sl K i st ( K Dumensional space) ¥ o forg 210 affiea 8vm)

afz ¢ oy v & 5 X, P = 8, freen 0w @@ =) X, X,
X Wik b my, REmm (X, |, X) « o
Eoerdeickisad aizcdiz Bzt dl

X =@, 4y Fad £ Ae X +U (81)

atl o, 08, , o, fus &, Bl gew af fafr oo o B on
W &1 W ey @ X1 At Xy, , X, T OVITT a0 1 9T T
s B S TR X, 71Xy, Xy, , X, W 30 e off vl fRy o
wr ¥y wleR (8 1) W0 €9 X, % @ A @ wRe a9 e
awa §

dimarfr SR m e, Y, X, X, X K+
¥ T 5% = & R n durr b, s frenfva ww & wege R R
¥
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Y Y, X, X,
Y, Xi X X1
Y, X X p.
Y, X5 g X
Y, Xin X X
WX, =X, ;R

wETHUT freAt
Y, =B FBiXy, FhXa + +BX, + . X+, (82)
s s G,

0, =Y ¥=¥, (& +B: X0, +B:Xa +onr +BXe) (83)
et & @t wraw

o
§= T =U2=2(Y-%)
=]
=E(Yr P Xy~ Ba XiPoXorm  ~BeXu)” (84)
g o ol 5 SR B By, B T A ST A A 2,
S = E(YPeBXiPoXor Bl

ﬁﬁm 8., BT B,, ¥ W TE TS T ST 1 57 ¥ avar
ot Frerfafad sawr A oTw B €

):Yi B, + 83X, + 3o, + .t B
EY Xy = BorZXy FBy Xy, + + BrZXa X1, oo F BENX,

EY Xy = BoXX + B X1 X 8,5X0, X F oo B (85)
I FE G S R W B, By, By, s w g B

= E)
Wﬁmgﬁﬂfs_“a’z‘—’:']: (86)
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5252
FITTTF Ry =L 1“
S,

T

o 52 B~y
' n

FRGRAD
(Mulupls Correlatton)

YraY s rmeaermn & Y & (X X, X)#
Ty (Muluple correlauon) 77 777 2, f’?mrﬁr

Rym *x IR fET e ) s
Y X, AXFEETERLR

Rym = ﬂlﬂ_ 87)
VCar(Y) Var(Y)]

B ¢ 75 347 G #R #3 71 7 fem sy 5
TREY X, X, Faeewl imTrepavE

Y Y, Y, Y Y.
X Xy X, X X,
Xl xZ XZZ XZ) xln

R, YFX X, TERAT BT waT e AT A E R T W

b e,
Yo, +BXit Xy #Up 12120 (88)

AR g f, f o7 TETEA R
‘S & @ w75 (Sum of the squares of the resid.das)
STU=E(Y-B-BrX By X,
F1B,, by, CA B, FETIHTF FIFAT AR F AT,
B0 (YABKB k) 0
a8,
% - - 25X (Y fi B~ B:X- 10

‘aE =— zzxzx(y‘ﬁo" B1.X1- 5'-xz.)'0
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37 AT wde Pt w9 § s R st o €

ZY=nBo, +BEX, +BEX,

EYX,~BEX), +B,EX,? +By, TXpXy,

IY, Xy, =B, 2 X0 HBEX, Xz, +BEX,” (89
) 0 908 B, By, W41 B,, ¥ 9y B wwa )

srmrer o o gz = 4] 82 - Eﬁ;ﬂz {8 10)

T IR T
§2-87
52

Eticeotfiuicl

2
Ry izeqfr 51 (812)
S,

_m + 1,,2-21, 11213
1-n,

2 o
Ryis =

(811)

1 (1) af & ol @ X, X, o X, & gefia e s o
Rip= 22 +r|;’—2r|2 T2l -
=T332
(n) 3z e =2 Y X T Z % wefeia e st
- EYX +PYZ-20YXXZ (ZY
1-2Y7
AT Ry x, FOA W R R yis e s awan &

Rysxz

Ry g Do [ZXaY XY + B[22, Y02
Y -nY?
Tt Y=Y, Yo . Y,
X=X, X;, . X,

Z2=7,,Z,. .Z,
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kLt 1,0= Y X, 7 A R
Ty = X, T X, 1 Seamd T
tyy= X, T Y 7 Fewary T
FHifyren wewvE
(Partal Correlation)
otz X,Y,Z i a5t % fodf & o & wewrry wafia won 8 o,
% Rt o qrm qrabvd € g 2, e ¥ oW X ¥ wemm @ Z
T G AN §1 W I F TR SRR e @l o
e P 1 e ¥ o,
= X A Y F wea qey, Tt o S (7 Z) & owE
7 foei (Pl R sy @) B o @, X o Y & v oWl %
oty 3 gEwaT FRAT &1

Y FeeaY PNF, XZ T YZ ¥ 5o URT 6eenry T 5
T A}, 7,
XZ = X T Z W AEEH F 7T
(Resduatof X on 2}
@ YZ=Y 5 Z AT F o
[Residual of Y onZ)
e

Cov(XZYZ) _ _ mX~1YZ1XZ

Tyxz =

War (XZ) Var (¥2) V(1 -PYZ)(1 - PXZ)

s Y &1 X 697 Z W0 qHnRe et
Y =ayxZ +byx ZX +byzXZ (813)

Y # Zw @R

Y =ayz tbyzZ (8 14)
Y & X T AR

Y = ayx +byx X (815)
ST e # P,

2 2.
R -SerSu
Sivz
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=t
Stz = Y F X T Z T v famem
Shyy = Y TR S e
X = ) ainfem =0,
S-Sy = Y % Sreredig forerem & at
T AT
(Non-Linear Regresssion)

T EY Faet AR = % 56 T F aet B e g
e et Yl oo Seiin fear o aea b ooy ot 8 3 aiwd
A oft ART-wE O g O B wifE aaen # e aandt & e
T w57 ¥ ¥gfa w7 (Theoreucal Consideration) & ¥ =& €7
T gEF-3T (Scatter diagram) EU IGAA FAT 1 wEA b i & =
et wrey A A
i (511

— el

iR s L
™ TR # o § o fm g § sl e e W
aw €1 70 el 7 Xl Bort § aRakfa o wan 5 @ € @ smee
Fern wmen &, iR Sy Yelw w3 wfafia & v T

sirdia Frdl & §8 SemeT o ¥
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(1) Kumr & ag9z (A Polinomimnal of degree K)

(1) s wmm § wrd w7 ¥ P oF o g o ot
T ) A Y FXF 9777 {Polynomal) wwma,

YoBo, O+B X #B,° + +BX Be20 (8 16)

&frFen g el b, frn o B, st ¥ )| Apaa at rfe o o
71 R 7 froffra B e ¥ FF o # anll o A ggam @ e
(816) #Y K ot &1 agwd (A polynomual of degree K) %24 ¥| 2% K-
28m

Y=p, +BnX +B2 X (817)
OF 7 A (Stmple quadratic) E T Feerarh)

w &l O ¥ T ot AT @ v At TR & whEe 3w SR

n @A Ol (Simular farms) zrr g Frr ey &) qf sper gy e 2 fr am
#1 a7 wTn F v o aTy & gz 0}, g S-Sy am AT A & g%
Frodtt - RemAmidfsamaftat b mEha
Yenfax g 2 ¥ ore BFar o b o #1 S I 279 o w5 ofr g7 AR
¥ 2zreemt, Yenfi g 2 o,
y+ Y= +bs

-
-

M
ad El}c yaa+bxters?

NELD

a{
~L » X
0 FERT | 112¢R BroticATION
Yonfora 3 2 - fah mmrmT A s

ax e A X & e PR Y e et o
TR Ft Rty g S ey A o iy Eear e

Y =a +bX + X
w0 frtm e



X Y X x x XY pod
0| 110 0 0 o o] G
2, 113 4 g 16 226 452
4] 118 1€ = 256 472 18gg
6| 119 36 216 | 1285 714 4284
g 120 4 512 | 40%6 &0 | SEE0
10| 118 100 | 1cC0 | 1C0CO | 1180 |11EQO
30 " €98 220 | 1,800 |15,66+% | 3,552 [24,304
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i et AefteTeT ( Two- Vanable Quadratc)

Y =a +5X 0,2+, + 20 + o, XZ (818}

W VR ¥ W T deew F9 ¥ Y mw swwer
(Transformanon) &% Y wmmw & Frx g v o1 w9 & omveg
om Ffy a0 &a v 0 e Fem an esan @

X=X, X2, XX, X2, X=XZ

IR (8 18) B W ok R sww g

Yeg +B,X, +hX: +0.X; 46K, +6,X; (8 19)

78 T aRT g T agEn  uwa 31

IR wr R T R s srw s
& o el &7 & 0% gE & ol (Interact) X @ €1 3w samer
B9 ¢, X2 st (Interaction) 72 &1

{3) TR &% (Geometnie Curve)
Y=AX (820)

0 Y & I aF &) O 9 g (log) &9, Yl SR § SRR
e ¥, 50 A wnwer & el e swee’ (Double log transfor-
mation) ¥ &

log Y =log A + Blog X¥aalog, Y = 7 +blog, X

o Yo (29) & e oo Rt W Mk w e X E
Aty Y & gfma vy & o @1 v @ XF @ F Yo O
4]

Z=log Y, a=log A, b=Baa W =log X0 ®H @i
TR 7 = o +bWE b, e w0 e of By S mdm o g,
b e I B R )

T 3- B ofest & R 8 @ v = ARV F g AT
IR

¥ (X) 150 500 1,000 2000
gt &) e R o X & o b

IN) 14,00,000 825000 1,73,000 35500
FoF— ol V= AX”

log'® N =logjq A —alog" X
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I Y=a+pZ

Tt Y =logo N, @ =logyo A,B=~a, T Z =log;y X

3w 2nf Fafiy % oTgmw AT e &
EY-Sa+BpEZ

EZY=aXZ+Z

et worr Frer wrelt 3 e oY o &

152

X N ZelogX YelogX X XY

150 14,00,000 217609 614613 473537 1337453
500 8,25,000 269897 591645 728444 1596832
1,000 1,73,000 300000 523805 900000 1571415
2,000 35,500 330103 455145 10 89679 1502447

11 17609 21 85208 31 91660 60 08147

A (@R,
21 85208=4a +11 17609 p
60 08417=11 17609a +31 916603
T R T R )
B=—141, oa=9402
oG a = ] 417W A = Rmla 8 o = 2,52,36,00,000

Logey = Q1 Lagex

LO9&s ™~ X

of e
i g 3- St wur it & ey awrEGer
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(4) sramhYa o (Exponential Curve)!
Y=ce® W@ Y=cbf suam Y=¢b*
T R & qRT a7 o log 3% WOk &7 & o &

log;p Y =log;g ¢ +aXlogpe  WaaTlog Y =a +bX
e Z=a+bX,
e Z=logo, Y, a=logy,c,

T b=alogpe

afg sftmet Y& e e aoiver Ak A U e X3 o wwe ot
B B @ S aTar ¥ 7 R ’I S aw &)

o AT e et e = g v & 0 Y 8 4 F aé
¥ log YA Yoo O qur XA X v 5% ey 1

Logf

Log,v-aebX

A}

—

¢

Yenfam 8 4- xfrer o0 & Frg wwwE

J Semi Iog Transformation*
¢ g T B & B s 3 S o e T ag R 8, o R
wifia 0 @ (loganthmuc dependent vanzble) W 3 Ty T b
uf 5 frfia S AW, Y =g+ b log, X TR T ERH T &Y TR
wqvamr §1
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58t FaE b X % wf wd oftedd & seraew Y ufore oftada
& qw §| sqewnd, afy y -a GNng:r X- 6 wHY &) FEd
B a7 o g o (of 1t e % weras st siada)ls the growth
rate (percentage change per umt tume) of GNP} Fafia #omi

ot wem i Frelt s ar f e A log # § 8 @ wmam
@ @ oaw Y ¥ R ofedt e x # show oied @ oagoe @
TR, 3% Y of INdm I a4 X I/ F fEfm we B |
a7 gr 3V & § Jeati 9k aar o ¥ gfwa gf @ s seiia
[
{s) = =6 (Reciprocal Curves)'
) Y=a+p =
X
1

{u} Y=aX+B:Y

cax?apd
() ¥ =aX +BX

8 YR & TF1 a7 adeT Y &g A pem at R avm R
Eikcri Ak

() ¥ f& yamm=y wehamor
5e3 (veax?-BF
(3
N oFa B & FE T IEEmer FT 9w 8 e
2 0e-mxr (v-axiL)

@

3s 1 2_B
O g2t (Y —ax? -2
2 X,( ! ‘ X,)

Fafy IX?Y, = =X +BEX;

s asgeprd
X ped

1 !:fu’i—;na +bXﬁﬂam’f—;=Zwvmmnﬁmmt

Z=a+bX
TR W (A 1 3w e w81



9

T e frest

{General Linear Models)

W, YU pW X, X, , X, iVesemw
& e frert e A awa €
Yooy + B+ SBK, (1
(=12, ,n
4 Y ¥ srar G B 09 N RURT A I & T
i & R 3% vz e o & ong, fred (91) R w By W

Y

Y, =X, 0:X, + + B +U 92)
t=1,2, n
3 B T fa7 & 92 (Diswibuben) ¥ W99 oa §I @ S@
s a7 sy & £ W 2
(32) # nenltemit Fr sy & e 5o g R W aFr &
Y=XpeU (93)
Lo
Y Xy X X
v X-
Yz 2 sz XZ: Xﬂ



Eiccicgtcd 156

Bi U
B= B U= u
B8 Uy

frm i, mAx Yy i fimmdwida e
LS4
Y =XBr+y (94)
1=1,2, n
Tt X, pF =R A o, B AR W w0 w2
=afim v o g g Bl g@ & qur frdf v agfor aues
¥, T o g g wm o &, w4 Yaw wea & s g s
Bt b, sty & oE wa R £ e =0 3 \div ey 8, qwg avals aw
a1 R A 3 8t e B b Ak RRY whe 8 3R @ T
B 7 I FfiEm SRR (Stochastic) FERTT 2, 30al QUTad (Exact)
Lcicru ks 1

wRftm wuew & §% QU (Some Properties of the Systemanc
Component)

¥t a5 A fer e & o ok R & v gferadt e ey 3 g
=0 & Yiug o B ¥, s X, ¥ A # A 3 7 &) ooy i gt
F s afdE q s e § Faha sin g anw T §) s
7% 7r R wmn & fr X oF mReE W ¥ T e s O i
@Z7 (Probability Distnibutton) &, 703 T X, 3% 7 u, =77 ¥v ¥ af@
¥\ sty 37 wer qEERrY f & @ ARORER 8 ¥ o) AE % 5T
1 qfafi & o ¥ fafre &0 &, sARET (Unbiasedness) &1 @
(Consistency) 3% 771 & X & it &, <t sfireet & o €, wrd et e
=)

e oz &Ym=y, (Assumption Regarding Error Term)

St o o STeam 7 ey 8 F avera X g € e i Rl gt
Fga o § (2) ofe w0 Y mow 9 gfedt @y awmn (b)
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ﬁzﬁ%mhﬁ&nwmlmmﬁmmmm@
e T ot o A ot e A aTara &)
(1) 3R = ©F anfw = b, Frew 4P amz (Theoretical
mean) p=0aa o FOET (Fimte vanance) o,” &1 3wfy,
EU)=0~1,2,
™ E(UU) =0,
¢ YU n x 1 w0 & @ A (Column veetor) a1 U oF 1
* G & Rt &R (row vector) & et TR LU TE o g FTEA
(Symmetnic) 3Ty ¥ anuly,
Eluj?) E (uuz) E{uu,)
E(UU)= Efum)  E(uf) E (ugu,)

E(uu)  Eluy) E(u?)
(95)

P 0

0 0 =L

0 0 4

1 0 4

0 1 0

w g-
0 0 1 nxn

E (uf)=d % & 46 & 5 08 u, 71 500 §7 ¥ gen e
£ 3 o = wefrern (Homoscedastictty) #v3t €t

(2) 3% o2 u, % SR BRT ¢=1,2, ,n 30 ¥} afen §) ey
vy g Srewtan ¥ i

E(u,u,)=0, w

St ardw o & e fea n 81 AR (5 5) Y SO TEAECT
e {Vanance Covanance Matrix) Fe1 s &
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afy u, o v, arEwEERE (Uncorrelated) e &1 staiq aR £y,
) = 0,3 3Rt i 77 wEEEr (Autocorelated ) argar wii-wh Fite:
wEaRten (Seanally correlated) et o &1

(3) X, o it wewdl @& wgeem &, oy Rfim okeit & v &
A &1 IRadT U o 8 aftad & e snet & g 3 olheor X smria
]

(4) XFr 2fr Ken b1 o7 it &t vy swocett ot wew & afw
e o & X, =l & ad Yaw ey o §)

(5) vl 3fe W = 72 waw &, gF wear aia oS T b
o IR e AReEHTHT T a8t oy SRR & sitel! & Rl Rfa
(Valhd) & Ffem &t &1 ggan & sfwvll & fo ‘&=0a dmr o
(Central ltumt theorem) S & STt &1
B, & @R ~Faw @7 3mwEEw (Stmple Least-Squares Estimators of B
SLS)

TR (1) % R AR T e SR wEeR’ (Unbrased
Estimates) &1 aft araar (2) 2% o ofd €t & e =mem &t weew oW
s’ (Efficient Estimates) & = ot omeers watan W omfaa
e (Best Lmear unbiased esumators 3@t BLUE) | araiq aFa
g srfma airsert i B a1 gwwr /rad & 1 Waw sreert Yfa awl Y,
Y, Y, ¥a% %om g )

T f; p I Fakm Raw safirma e &)

Fwafi- 77 & B =iy, Bz . B,) B% I @1 @@ T ara b,
7 B9 ARG T Y H UH 6 6T e e §,

Y=dpe . (96)

s aRa e e g

Y=Xeu

PO ey Eagiug

E G=ee
=1



159 g Yaw et

=YX (v
=YY-8XY-YX5+£XXB
=YY-28XY+BXXE 07}
T2t XY G ¥ ar A9 e (Transpose) Y'XP & wRw
¥ gar w o Tt & R < ol & il 3 v 3 gged ax
t, (97) F £F ay ARl ¥ IRE IJTEAT F YT F 0 T
R, g A,

& _oxy.oxxp=0

= XXg-XY
FERT g=xxrxy {58)
19 7) zaw & e & ST s 8
SLSSFTE () Fefw §
(1) YRawar (Lincanty)
wawe,
B=(XXI'X'Y
Y#T 57 T %
£= (X" x 1x+m
- ey . (xx) ! xa
S I 1Y 99}

R (XX (XX) = 1, {7 5T)
3@ gy gam few @ (Disturbance terms) Uy, Uz, U
1 GFadewe (Liear function] &1

1 whew (o) maRnt g isREmARe
"—g-s_'_"nzrxus"x:na

=YX XX)!
fererdy & wRe W oW ghar)
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(2) Ff=aat (Unbiasedness)
E@B) =8
Y £, fE1TF FAER s b

I R TR (3) & SgeR @R FAE F E X ST A R
¥ g 5Rr 1, % o R gese S e AT

=g, R pRETT €
T (90) &
EB)=+XXr' XE(u){ xFrb
e Ef)=f ( Ew)=0 910
(3} Var (£ )gm= by

= E[E-p1(E-8)]

ZHE BIF EE BHELB) EE HNEB)
Elf rB2)E 81 EIf o ElE r-Bo)E,-B,)
El6,~B)E B EE 8,) -ElEBIE 8.}

(9 11)

=& EB-BF =T 5 (Vanance of B)y 1= 1,2, .oy p
& EB ) = B) = [ B T

{Corvanance of fznd £,)
X9 SR T HGS I F1 65 Vg mmbeRrFaE,

V(B ) = ELE-ENE-F)'] - 912)
o EEE (99) F
E-B=(XX)'Xu
V@ )-E(XXT XUu'X(X'XT'] (757 (ABC)' = CBAE |
= (XXT' X" E(us’) X(X'X)'
XXX ALY (XX ( Euw')=dd,
=PI(XXT’ .(913)



161 amry e et

e fr oy (xX) S Bt R @ S oL d e
T, % 0 I e e

o e o & Ry B Vip) 7w ¢, 9w &, B s qRaly
b mar b

B=[(XX} X+B]Y (9 14)

78 B 7w b A BYR aw 6% v s ST 31 (9 14)
# ysiom mia

<(XX]' X" +BY{Xp+u)
T b(XX) XYB+ BEIX XS XueBu
At b BXB+ (X'X)' X'u+Bu] (9 15)
T E(b)<BrBXP+(X'XT' X E(u} +8E(u)

B{ Elu)=055 BX=0)

AT b, 3l SFe o € fvm FatE BY=0
b SRR A P R g e s e

Vib)= E{(6-8)8-8)]

a3t bB= XXy Xu+Bu 126 153)
Ec] VIB=E[(XKF Xt + Bup(Xx}' X
+Bu}}

SE[{(X'5) X'+ BJun (XX X'+B)’]
= (XX X+BJE(mm) (XX XX +8)
- 1,
[(XXr +(XXY ' BX+{X XT'B'X"+BB']
=ofl, [(X'X)' +8B)
{ BX-BX'=0 916}
T BB TH T B & s T b1 97,
Vib)=V (B ) + X5 5T WA
et Vig)<Vib) 917)
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ardwar qligwr @ar Rvamer e (Sigmificance Tests and
Confidence Intervals)

T whee A favara e & fab oA &Y € R o e\
O W of I, wfewt e w9 & afa &, T vl v & e peR e
et ar wawa &,

u, -N[0*1,] (9 18)
1=1,2, .n
T n FER F AE wiet & R anni oo 5w o d,
I VP
L7 7

_ L e -(Y-X8)
T T

T woiEa SER W ¥ ARy meeW O, (Y-XB)' (Y-XB) F
T & 5 TR §1 ong B % AR BRI S (Maximum
Tikehhood estmates) ST <aw & Ry ZRI ST SATHTE T T B 1

£=B+(XXV" Xu

TR T Bt & R 5 o g, B o o F e wem A an b,
e w27 AEER TN O {56 YR § o 9T e e R
R g, T T a, @ &, 76 a, I (XX F e Bt
w &l

s g T Ty g e §

g B~NIp, o (XX)'] (919)
ak o # oW I & o= % g% T wrdw sleer qo Tavamar
ST TR T BT T a ww &)

IR o T AN W &, T R oF g (Orthogonal
matrix) § SR T o o &

e,
e=! Y-)‘IB
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= (X)X [(X'X)' X'Y]

= (Xpru)-X [(X'XT' X' (XBru}]

= Xpeu-(X'XF' (XX) X6~ X8-X (XXT' X'u

=u-(XXr' X'u (9 20)
=Au, @@ A=(-XXXT'XT

h v wafia afwT omegg' (Symmetnic Idempotent Martix) &

A'=ATT A'4=4% < AfT

kioic e'ex (Au) (Au)=uwA’ Au= u'Au
T eemu' [l -X(XXT X Ju ©9121)
A o Yol (expected) WA SR,
Ele's)<Elu{l,~X (XXF' X') u]
=B (u'u) fl,-X XXy X]
= 4 [L-X XXV X]
+ 0 [ed~t (X (XX} X'}
= [n-t, (XX} (XXN]
= (nep) (922)
T - et & s A
e FeT-wewE WRgE T e Bt # R OR §, ow e
g5 (Identty Matnw) L, % e Rt & wdf a1 4 o4, =n G 3
W ol (XX) (XX weE % ger Rt ¥ o A p & W
B, % (X'X) &1 3 (order) p &, afE
(XXJ' (XX)= [, e @IFR 1], =p
()

1 A= -X(XXP'X
=A=-XXXI'X'A
W <A = [L-XOXXY XXX
=L 2N X + XXXV XXXX)'X
= =X(XXr'X'

o
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£
7P

e'e Z‘tz )
W =7mmm-aﬁm%,MWaﬁfz (n-p)¥|

a7 % aftam & AT,
te b _
Vzein-p) Vo,
F T uF ¢ 7 &, et e @7 (nep) R, @ a, IF
(X°X) ' % fmt o o R B o ot @ s & f g

ofeFfRm o @ &, aar o7 e ofiwhe o 3R wis &9 (Cotcal
region) & ST o 11, REeTn R R AW E)
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AT qo WediRT e o frast
(Autocorrelation and Generalised Least
Squares (GLS) Models)

e oy & 78 svemew & g & ol quem adter,
Y=gX+u (101)

ﬂgfzwz u, % = & 375 avam Pt K, et & S g

TR (1) T IR 9T o, IR0 ou F e &

aram () 3% W u, ¥ sy AR e (89 & afed 8, waig o,
THIGEC TRt €

g owomw (1) W W Rw Y, @ ow R
Rrrmgfemeht (Heteroscedasuc) Fx §1 2% mraar (2) &1 0 & £
¥ a7 3f & it rrarEEfEE (Autocorrelated) FoRt wiR wrREfAT
2T S i T g Bl oft o mee 2 e & o & oF & g
at s Rty (SLS) aum adwar abtwwr (Raar aroaT @@ som & faar
o) sE €9 & R e o @ oft s a7 @ et £
& & o aRRE < ar Ry g @ by e J€ R
w7, ek a6 avifi o eewRe s iR & g wer
Eiceivel il 1]

EREaRry
{Auto Correlahon)

T gfy 2 S et Aot & oF s & i e T A T aw,
o AT G 3 Ry b & qheer| S Rt qw R b, R
oF Ry iy @ b g ol & marwaer 8 & Rfiw awor &
e K| saremd, sl frer aar Braft e REEW (Distributed log
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specifications) # Fufa 8, zafy s Frt & gt qroovicss w9 A m=my
& wwd ¥, el oweRoe e § o a6 0 gd | ane-aed e
& ot omg fodm 2t gfedl By ety & gfedt o anhm @ oawd B
e odf & mmreray @ wrar W ) o wER e I wA
Ty sradrdl St g 7 vore w5 &) EEe v g ST sEen & gt
WG F g @A I #1 IR WEAEF A A 2w
i A T fm argft @ e A3 @ 3R 0@ & o mweaa
mfﬁzm:ﬁaﬁm?:m}m&ﬂmﬁm
\mmmaﬁ:ﬂ#«aﬂ [

ﬂHE?X {t
O ¢ o . Perioo(t)

IR 10 1~ SEETET &Y TR ST

Yo 102 & st sl deme (Oscillatiog) ¥, €1 5
TEE ¥ OTEIg FHONTH 74T FORHE ¥ 0@ e Haaw an )
7 3T et & 3 o & meearama @1 s fireer 21

Ufi‘é

—h X
o ‘et . " T
PER100 (1)




167 TR & ERAE T v B

TR A R T s i a i S g e b
T EATT 5T 7 3 BT oF rar o @ ove &, I,
e 497 % 5% 599 7 F TS 8§, g @ a & § e OF 0F T
787 BTF7 (Quadranc) €1 7 #1357 ¥ o ¥ mereey
ek

e a® 7 o | W It & BT e seod ¥ gl B o
7 §Faed 77 W= (Log) 8T #mmetHA (Penod) 37 Sorewy ¥4
TANTEE, TV u, uy 4, u,F w0y, T EEER
1T TR ( FETTN B tete], 142, R <) AR SY
¥ (O F1 SR SREeR B 3T (n-) b € 5y
Ech]

TZ WU TT T o, & O OET ST S ¥ e
#1957 &FY 7 5N F1 U merewy s amy
u =gu tet=2, B (102)
Tt oy Brgr b, Pt mmmmmm R m O B g Te
F5FT {102) FF '5T% F WEETT 529 (First order regressive or
Markov scaeme) Fe1 @ &1 T pSah a0l #Te% 0 W & 5327
) 3% p T ¥ e I u, ST IA FERE WA ¥ T SO ad
¥ oat 3% AR 59 PR A wwrwy ¥ ol pwres b ew il
F g 'TrRT 5 3 ¥ Oreeaw e T b 1 p 1 Ry v
mismE @ ies senra PR TUE T ¥
R T e A R e § FE Al
marEt(n) fpmmrt (T imy
T FFeR 70) 71 37 8 ¢, BT oy S a1 oo a8
Ele)=0
Eleg,,) =TZS=0 (103)
=0%R S20

rrmyETaR & 5T (Effect of Auto-Corrclation)

KA,
YAy,
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e THPAROT et &, AT u, U ) PR SRR S Tes S
1 sty

U, =ow, 1+,
TE (o) < I13gar - 1 <<l (104)
Ele)=0
Elef) =0 =1,2,
Eleg)=0 12
B u, = ou, e 0]
Yy 1= Ol 248 {n)

arlar (1) & u, , FTEA @I,
u, -~ olou, z+e, 1)4e,
=u, 240e, 1He,
=6 (o 4e )0 ou, 146 )4,
=0y, 5487 2108 158
R U, = e 0, 4008, 2+ {105)

= Z pa=2,
=0
E(ru‘) =E(e,)+q (& )+eE (e2)+
=0 ( Elej=0
(10 6)
Tt ord 7% gon 6 wween E(u,)=0 wwrey @ Rl & oft
mfafia w8
wfter (10 4) & 3 ol d Ay w,
"42 = ‘2:"?281 :*@“2: 2t +20e6 I+
AR T A SR,
E(,)=E(@ )+ E(¢ 1" E(E, )+
{ aw o it & s A G §, S &
ZAM,)

= Pesg’Pero’cPe+ [ E(é=,)
=ce(1+0P+0°+
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w2 1o

(06) & 3k o, R ¥ m &, o B ¥, awly serahmn
(Homscedasticity ) % R 7 ¥t i B b

, Eluuty ()=Covingu, ;)su, T u, % T Tower

=E [{es06, 40, 41 )le, 1408, 29¢F0, 1+1)]

=E[{es0)es 108, o1} e, 08, 2407, 54 1))

=Efele, 06, 2466 141)]

+eEle, (+0¢ 2+ 1F

=O+pEfe, s+pe,2+1) (srvartem)

oE(e, ;*(’zfzuz‘?l‘z‘z )R TR AR 9

oloes’ceng’er |

e
e e (weftaT 10 6 &)

R Efugy 207,
AT, Elug, )¢, 120

_Elu,_ Cov (uyyy) .
i ¢ @, Var (u} {108)

ufz 1= Ot ¢ =1

el T SR 7 SmeRry 887 o Qi & R i & R
T I A (O T R

Gt (107) e B W, 1 R W @EEHRCY P SR
mhwwiqg,=d

St g1 1 v wt eautEry R)
T AR i oTnes 6 & T O @GR &7 §9F (Properties
of Simple Least-Squares Estumator B in the Presence of Auto
Correlation}

oft & e ¥ R e [ e < o (SLS)
s o K o P o e wRem (Consequences) 1w €
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(1) afe 3 off & Fiw wew=T & aF IR =Een a1 sTEeE
p e & T &, W IR SO FEew T O i fe-nR e
(Gmuss-Mﬂkuv)m%m{WWﬁmmmﬁﬁ
T ORI SR AEh € @ §, qEh I 9% JRERE €9 &
O o TE Jue ¥ o 3T wa e @) s,

Y= asfXerut,

G 1, ¥ EEAT & SAEE T § ¥ A e o SEes B
) ey yow e e o e 21

X-X)NY,-Y)

S(X~XF
3937 (T 2g)
Y -
&_ﬁ T x=x-X
Y, =YY
~=ulfx +y,
e
=ﬁIx, Zxu,
= 57
Eecd - A’»z"" 0]

3 E@)=B (7% Efu)=0
2 % p awhiFT e AW fow TR o% g T B gER
0 ferr T @ R

Var (B) = E(p-6F
= XY 2
=B (W3

{sz)z E(Zxury



171 TR 1 AR 2 o B

{ZXIZ)ZE(ZX uIH 25t

+ 23U U gt )

1 2
ﬁ_(f’ﬁz_)z (PS54 2p, Xy, 2P Sx,
+f
LN Zxxl.
T B R )
mmméu?«%%mmmﬁ:ﬁiwr (0), 7 & By

M o aT g § B eomemen & R ¥ wa opo @t s
‘ arFEE T ¥

(2) Var (B) % u % ftadr & aforae o i @ frd
¥ o- e snfs 6 g ot o o @ ey

(%) w v mEm @ (SLS) & of oo R W wipw
(Prediction) +ft a7 =t gfri

& wried =R Tt (GLS) s
{Generalised Least Squares (GLS) Esttmators of f)

&% 1934 & 32T (Autken) ¥ Frag aRrafirar womr @evafan ghat &
fermmorr e ot fRrf & et wgrw at fefr st o o e e
(Basmann) ¥ TWRRRT =Em il aEweT ¥ Jwm a (Asymptoue
distnibutions) % 9} #7 S §T)

wggery & By § et & omeew #t an @t R @
W e i R (GLS) o 0% 50 O AR o e
HEAE (Attken Esurnators) %1 v &) arrdia <o aof fafyr oy
i 31w smax alt @ Rufy § off frar o s &) a9 o wedt amey
feafiy 9 & sy1gg ¥ ¥ § frmoantt &)

Y ETATT S,

YeXprU (109)




adfadi frae 172

¥ ol
Y, Xy X Xy
Y- Y, X Xp» Xo X,
Y, Xin Xon X,
8, u,
B B U= U
B U,
T SRR,
E{U)=p
T EUU )=V ) (10 10)

o Vi w2 s o ¥ VOE e S b
o fasa W (u) wam FE F e 6 e S0 6 08 Se St
e VR Feiten ¥ 7 s fear s awan b

1 e 7 2
Voio I @ '
[ 1

%t p mEvEE P b el fed ot U, Bl e @
FHF A &
U=l ; +& (10 11)
T g, T W T @ Fraw SRrawh & ot 7 ¢ et § 7
W E(U?)=0,2, E(U7 }=0, =% 3% ¥ Y v E(U, Uo)=d 0,%, 7
@ge (Vanance-Covarnance Matrix) J&% fawni & oz yeor & ol o570
T T WERE & 5 R B
wmEiga Rgew 3 [l § i w U, 9 et pw IR
R e, (3 Fr TR €1 § w0 F) & woroRa @ R o &) s,
Y=£X+ {pU, +e}

T T w Frd R AR e e (5LS) 9 55 1% BE
g Yt fir swe® (BLUE) P o e smy F1 s et & e



173 TR et Sy waw @ Faf

R (& & =-w=faa §) T g © (S aereatu 26 B
wrere W Ry o ¥ R g w s @ e o o
srres 7 § oo f & Fefa &y b e (108) qoogae g 3
Freriea & o 8 Y
[N & icEicct ]
(n) B o A 3w &)
() B & &S Fwes b
v Frent wTmwer St foram A
£ =AY (1012}
T8 AP x 0 F8 & Iy § T fE oFy swew A R Y ¥
art & g ¥ o s ik A )
(1) B°, B 1 AR T ¥
e, f=AY
=AlxB+u)
= AXB+ AU
;W F, IR fad R R U ey For ¥
(u) B B 71 5fimn wwes K
sw, F= AxBrAU 1013)
E(f') = AXB{ E(U)=0, 7= frmrmard)
3 (wfz i da 2y AX=1)
WIER B, 837 srfva e &
() B, p F TS FEEE R
£ % vl sTeEE g WA A b qEfE S GR ST S
Y e 3 T W B F R - T Ir T R
VB )= EE-B)E-B)}
W B =AY=AXB:U)

= AXBAY
=prAU £ AX=1, 5 R o)

@ f-peAU
g,
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VIB) = E[(AUNAUNAUY']
=EfAUUA’"}
= E(UA'AU)  { eofia amegg) (10 14)
AP x n T8 F 3R &, A A,nxn F9 F ARG IE &1 T,
A={w,)4=1,2, ,n

W, UAAU
Wi Wiz Wi iy
lupuy ud  wywy Wy Uz
Wat Waz  Wap Uy

=wutiwoule w2
+2Wi iyt +2We R Ut
+2Wy [Wlin 1Uin

uf u, wu,
Wi Wiz Wi

AADU'= o g,
Wnt Wnz  Wan

Unlly Unliy T2

@ HAAVY ) =wulewanuls  +Wau2+
+2Wialigliat A+ 2Wy Ut
£2Wy (Wally (i,

=UA"AU
@ EuwA AUj = Ey, (A" AUU’)
=t[A’ AE(UL)]

=t{A’AV} & E(UU’) = VA=aEaR
g TRET (10 14) 71 ¥ Frete € s €
E[(B-B)B BV J-E(U'A’ AU)=t,(A* AV) {10 15)
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ara v{ﬁ)%:@mﬁ%aﬂmﬁaﬁmmsﬁng%ﬁm'
AV)7am € oty ata SR st A R o e &, Py
o (4' AV)grmm &)

A T W g SN ¢ e AX=I % @i 4 AY)
8| TE A T A, (1)=1,2, ,p) o S e am §) avg

Z = A’ AV]-t[L(AX-1)] (10 16)
br Az Ag
T L= by Ay,
}‘p’ Ao o

( 16) F A ¥ sreraat & ARG NIRT ITH T NHAA B G
B e T w el e arregw @it g B 21!

22 _aveLx=0
oA

HI 2AV=1X" {10 17)
(14 17) & VX3 S-PHEW T

2AVVIX=LX VX

JAX=L(XVIX [ wWi=1)
Ecey 2LV X) [ AX=I9%1 5]

L=2(X'V-Ixy! (10 18)
(10 18) & Lwram (10 17) Frad ®

2AV=2XVIXFIX

ey A=(xX'VIXy'xv! (10 19)
Amiar R (10 1) e w
g =AY
=(XVIxXrXvly
=XVIXFIXV(XBHU)

=B X'VIXyIX'V-1U
sga  f-B= (XVIXSX VU

1 Please see the proof of this result 1n ] Johnston  Econometic Methods
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T SR RO ST
Vi) = E[(B-B) (B-H)]
=E[{XVIX]'XVIUP (XVIxrixviu)]
- X'V xrixv- e
{XIV"X)"X' V’X)—IXI V-I)I
=EX'VIXT XV vxrixt vy
=(XIVIXFUXTVIX) (X VX
a V) = (XX (10 20)
7% T 70 ¥ ot Bt o7 e S Wy V() i (10 21))
m ¥, o TR T s S b ey wer wRafe a )

b=(A+B)Y

et A= (XVRP VY a9 fpan S & oh onegp &, o o
ey T8 k1 9% paIEhEa d,

E(b) ~E[((X'V'X)X V48 (XB+L)]

=B
=B (:fzmﬁr&aauﬁm’:om 0, prpFR T[T 5
)

am,  VIB)=E[(b-£)(b-B)]
b, b=(A+B)Y
=(A+B)XB+U)
=AsB++AU+BU
=ABXB+B+AU+BU
=p+(A+B)U  { AX=1BX-0
rqq b-B=(A+B)U
Esi V(b)=E[U (A+B) [A+BJU]
=(A+B)} E(UU')(A+B)
=[A+B°)VIA+B)
=TAVA'+AVB+BVA']+BVB"
=(X'VIX)+BVB'( A= (x'V)x'V!
AX-LBX=0
BVA’ =07
AVB'=0)
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X V(b)=V(Fj+BVE e BVB' U aeaw ait & ar
Vg )=x'v')
T V)< Wb)
sy, VIB)<WIb) =12, p
85N 3% forg o R B (GLSser) BLUE®)
T = we Rfi o saemond (Imphcatons of GLS)
; mmﬁ?ﬁmaﬁ%ﬁzwwmmf‘mfaﬁwﬁ%
A e 1 JEes T w8y R @ w2, fefa
frem e, " e
Yi=XpeU,
ki Umpl, 4, <t
(10 6) 1 (10 7) ZWT 9T e &, f
1 p ¥ ad

2 2
Euu)ey- 2o P 1 F 7 (1021
{uu’) T
Pn»lpn 2Pn3 1
1 -p O 00
1 =p I+p* p 00 11022}
WVJ_UTZ P
000 -l

£ e & X B gt g at st & & el & ang fr
aFa
(1) g =i =Y R o o e BT & SR SR

T,
() o iafiy = 3 R weer gm0t ffy 0 s v,

TPt fied Y=Xpe U S Fe TE 90w B &
TY=TXBeTU (1023)
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(10 22) ¥ g1 SLS smaer®
o By =[TX) (TX) (TX) (TY
= (XTTX)'X'TTY (10 24)
GLS s

BxVRIXVY
o g (10 24) & Y WeH 7a e & 6 ST sivwers ange &, At
rr=v’ (10 25)

RS-l
(Test of Auto correlation)

EHEEE SA0H 7 STECRR] S STET AT 2T 8, W 39 R §
=R @ e difed i & g A€ ® 90| eed afe & aueaEey
& qufdrfr @ 77 & 9 o e e @ fal oo i cgee
e g FRY o gER 3, it

VB GLL) < VIBSLL)

o GRIQRAT #, = o sradi] B #d waeEEd IEel &
SFEH AN =AW @t sEeRt ¥ Wt 9 guenE & e £l o 1F
T & Sar & o mmemra a et a0 fan s

a7 T F ¥ R g & & Ao ey frmR b s A,
<fi-8emA d vl &1 gam e s @)
efia-#zr d gfazvis (Durbin-Watson d Statisne)?

Frtia T efeme # s Hifd,

Yi=BiXp+ PPXte (10 26}
t=1,2, =n

T f,s T §'sF T T oA €, T oy wEdn ) o At &
v  SR-deEm d ST 9 e v ofonfie B g,

1 (1) J Durbmn and G.S Watson "Testag for Senal Correlation in [eest Squares
Regression,” Biometrica Part 1 and 11, 1950 and 1951
(4) J Dubin *“Testing for Senal Correlation 1a Leasi-Squares Regression
When Some of the Regressons are Lapped Dependent Vanables™
Econometrica, 38, No 3 (May 1070}, pp 410-21



7 R o A T i

n 7
Ez(ﬁ-mr
de—"F—7— (1027)
se
aﬁnsﬁzﬁmr';lma
mgﬁwwﬁ%%ﬁd;ﬁzﬁa%mmmmzm
?, g et FEEET (Sampling fluctuations) ¥ Frn fafim sfazat
¥ wfFtaa d%mg&wﬁ%mﬁ%éﬁm—mﬁw@r%l d
Wﬁmmwmﬁ%&mﬁimzﬁwmw
3 95% Framzar =T 4 % i wwr (Criteal valyes) #1 @it &1
ofer B @ o F AFfes afFesn (Alternative hypothesis) Hy ‘T
07 s ¥ & wa T8 ¥ % ofy e siF=mT (Null hypothests).
&.‘z&wmm%mf%m%@m%lm
H, p=0
@ H, pe0 @ p>0 ap<l
wﬁ'ﬁfﬁﬂd%ma&wmﬁwrﬁmmaﬁm%lmﬁ
naa K[=X = % wen fg smemes T (Explonatory vanables) e
%]%ﬁﬁanﬁ%%%d%ﬁﬂmmm dL @@ dU F " I
% ¥ g5 g ey e et e Frg 8 € aw &,
H, p=0
H, p>0
(ﬂ)H,ﬁﬁm#ﬁ'&uﬁd<dL
(/) B, fr A @ at d >du
(a)ufadbd-du,mﬁmaﬁwm%l‘
ﬁdwmmﬁm%ﬁmﬁww p<O¥F
mﬁﬁ%lm‘iﬁ%ﬁﬁﬁm%mm%
(:R)H,Eﬁﬁﬂﬁﬂfdd<4ﬂﬂ4

(@) B, o Feffrd af d < 4-du
(m)y =k 4—du<d<4_aazwﬂvmm§|

Theil and
1 An Alternative test of the d stanistic ks receatly been obtuned by B
AL lelr.v"‘l'esung the idependence of Regreasion Disnrbances  Journal of

Amencan Satteal, Asocanon, Vol 6, PP 763-806, 1961
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' ﬁ Y
(Single Equation Preblems)

oF wfER frat % gt & e & Bt aeeandt w1 sam
B monfa £

(1)  w@Er™7 & 59T (Problem of Auto Correlation)

(2)  faot Rrenfir & @var (Problem of Heteroscedasticnty)

(3) g faar ) amar (Problem of Mult collneanty)

TEHERTERT #) WA 1 ST §7 AN 10 B g% 81 10 A
i 7 7 it 1 s w1
For firenfir (Heteroscedastienty)

arver sgan art (OLS) Rl % st aw s & 6 g o7y,
T AR QI QU T o, e wwer & & afew §1 gweer g o
w waw waE b amly BUU) = AL, @ wnfreRar Y e
(Assumption of h ! ) @ s By T S & FoT B
R it Foam el (heterscedastic) & st ¥) Rra Frenferen ot Rk
& e sy a AR T s e swfe s (BLUE) S T
B3y o T ) et 3 we B g of e e sremrs & @ §)

famr Rt <t ey v@ Rl ¥ gew O & 9 o # v
=0 % ammaw o Bt &1 FEEnd, o Fiet R & Tnie e

Gra+bYi+eg

& o axa B, wet G =Iniv Y, =3

S T o S e e E b, o i R i et v Pt
w ifew &) g Rt B a8 sfs-anin o ane a7 b
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amr=r ghedt Reor el €t of s gt & e frge ofte &
aRafa B 2, frm e o o ot Y o g o ¥
ferw w1

FEeTd, wfant % awe & o gt fafim gl & = A e
& A § 9, &9 g A qREn @Y o ¥ wfes s A o &
& & 0 gfeat wid anh R R st amim aar s dnft 3w o arfier
Terem ferentran &6t T onf s 21

faraw faenferer &7 g (Effect of Heterescedasticity)

e o % gwer § omwear & o m=Er g e @
v, Femfea & & mofem & &

R at s 2y A€ S avdwer aiwr oF favarar dimg
a7 €1 Jraa aftEen ofe & g faeing o3t @t frafeniaar 7 @
FA AREE B

faretrey e ¥ fam Frenforar &t @ ¥ fiat
(Methods to Betect the Presence of Heteroscedasticity in the
Disturbance Terms)
o Frenfra &t fRafy & otroew ot & of a% w0 T SIoREE &
o ¥ fr frehy o3 & frow Reenfeen fremm @ oraar o) forw Frafemr
=) T Y 2 el i e ¥

(1) 1% F- SBE W A X~ T @ AT B Y- T
i wa b ow wa Rl @ el @ Frlemr wa B ot g Rl
warw Y & e e gu Rad § & aufrenfam ot Rl #) ek fag
e ferdit gu £ @ fr o ) ammee & a1

(2) &1 &t T/ (K? - Method) 5@ ffw & v-Jeolt Y ¥-F
TR & IR p it (classes) ¥ Fonfrs et St 21 [ I @i A
fag 3fe s &1 aREe Fram S 2| ST aieeAr viem & agEn
Froemtoly afteeTl H, ek frant 02 & goter a8, % snia mlaedts

#=-2log )
T T o g A 8, o wwes T (p- 1)t

1 Hewoscedasuary s Liely to anse paracularly in studies based on oss section
data rather than time senes data
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b S "2y
Ty T

P
faselve
n
s sy
1=l

n -uhTt oA wE, -2 p

-]

n=

3

A

~;

Frrplt aferea aredic # wdt B, @ su arad b fis ety o3t &
forrr Farenva e &
(1) wesdes mn @R B 0 (Golapeld and Quand:
Method) sw ffir
Yea+fiXeu
Firaet i et Ry oy & ey 2 v v ey o P e
= anf &t werd 8, arufy
E(u’) = X7
T ST A ATer i w6 e Y & Ry gw oo o By
fot g R
1) XwFomrAR iR, @ I cx
v oy o) deadeE mar gz ¥ g ok bed
wer n=30 & @ c=§ T AW n=60% @ c=16 fw s
awar i

v Goldfield and Quandt  Some Test for Homoscedastiaty  Journal of Amencan
Stnsteal Assocation Vol 60 1968
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®) m%’cmﬁe%ﬁwm‘mmwaﬁ
{ouﬁﬁ:mmﬁaaﬁﬁﬁlmaﬁn%cﬁmﬁ%fm
U T YET HuRe Ean @t (OLS) Rl gro smafw
H )

(w) 3w Xarell aR 3T @ R % ot & 4 S, @
S, et qar g sfeets R ot ap gra whwfor SR,

)

R 7
g S, = X® S "7 1 gva a9 & ol @ 4w am Sp=X
% a2 AFt i wTa Skt S at e am

() wwfaenfe o afeew % s=mid R & 925 [(n-c-2k/s,
(n-c-2k)/, ] TEATt viea F-az7 &1

v)  afs el wfewemr swler 3 i 8, o3 foww Bl
& Fafa & adt &1 77 T n < 60 % fo¥ awdeh & aar
W THAT & HA T R R

srwe fafiat (Estumation Procedures)!

¥ Frefea fraet @ Rem ey,
Y= Bt Bk, = Xt (099}
Ele)=0 (112)
E(&,)=c¢, {83)

W Fredl & g vt & weer oo A €, S e e al
(OLS) Bl g 9727 v @i (T 3mfma Jherh 781 & w5,
et 7 &l o, T AT W B & = & Foenfem wuewor e den
H

Y, = Y,/0p, (114)
X Xgpee (115)

1 Roz and Miller Applied Econometnes 1972
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Fa et (11 1) SR W i bt wamen st

Y, =BX ;s 482X ot 48X pire, (116)
& TR 11 1 F G (reduced) ¥7 ¥, WA vew o2 8 I
T ferer # v 0 1w Prn man &)
g, (e F, ffew
S-S
e, pon (117)

@ Ve -V
oe,

e

Med o e ed (118
e,

g (11 1) B (11 6) § ewraia awy & Fat FRTT T WIS T
=t e ¥1 i o W ¥ we §) W g 3R o8 aune <gew af
@ w37 ofd & € @ (11 6) ¥ s T B 3% wdlw YR aRfea
e (BLUE)TW €1 ¥

ax fift sawfs w1 ¥ svdnh o & awd R, wif & gR
% & yar 7 9 8 e, ¥ fww ¥ 3o o i ) 5 wwd €
S SR 9w & e e R on wa ) arfirew sl
wrar % & 6 gt v a g Bl sremems ¥ o % g ¥
sralg

Vfe)=cPe A X2,

Tt Awmges o & @ X, o s @y |

I, uiteR-aenel (Refinenes) o stamgEAmS &
e Yaw 3% o fem At

YeBo +Bi Xt B X2 46 (119)

T, Y ==

X, =haefw
X, =fhr=ia
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xz=!u:%§%m
qitET- AT, (Refinenies) fafim smem & & g wmw @
ofe-mendt ¥ sl g o & oswor W oA § aar gemn
fera-mest % ol yowr sfew wn ¥ g oW @ b, vl
AN HEH B TRET-TENVHAT ¥g 0 € Forar mam @) 3fe o= & wer
& iy o wa €,

Vie,)=0¢, = WX%,, (11 10)
aet X, #i afteror-amen # mfta (capactty) &1
= B & = & sy frer s
Y=Y/ Xy (i1 10)
Xy=Xe/ X {11 11)
1=1,2,3 (1112)

T wErRe Tl (119) R W yER avetea w ¢, G
woRer JEw At A AR 9 g S aF an e a) W oS
(BLUEJEH

ST TRwRe-3en S aiien ¥ aied 7w §, ow wliw (1 6) |
wert Fom 1w & | STt afteer e @

(Y/Ku)= BB, (11X, B8 (X1/X,)

+B:(X0/ K03 (Kp/ Ko e, (11 13)
= FRF e fF wfw e # awipl! m%g%wm%aaﬁ%
T 11,6 § T SR g A )
g
(Multicollinenty)

eitr Tl & serer # o “agEtad St g Se 8w §1
afy qefter & o & s @t 90 & aar & GO agEeEtad o, ax

! common pracuce m examples of this fype 13 to mciude X, also as a part of
thc model (11 1) so that the constant term R can be legihmately mlerprc(:d as
the coefficient of ¥, Even ff X, does not belong to the true model, we can
mtroduce the constant term f as an frrefevant variable with mean value of Zero
When the constant term 12 not eshmated, the summary stansties (the R? and the
standard crrors), cven though they car be computed, cannot be mterpreted

the usual way



187 TFT BHIFTY SRR

e FeEt & g Fe (Sampling vanances) & ort & gfg
safe & wad &1 3, o & =@ W X, @ X, wrewtud & e oo
BE1 T f, %1 §rds Bt s ) ay s < 0 4R I 1 e
o B 8 aar ¥, Wy W 3R = 359 sewew ¥ awer I
9IF-JAF T T RA Fa ¥ | RO, e wem
Y=8,48,X1+8:X; (11 14)
& fordr ararer o B2 arfir awds g w8, feg W g, @ g,
e 7 & T
ag dugar 31 wEn o 3w O ¥, 945 & v s
=l & o IR Y @ B B - Ao qn e a6 g ¥ st
& agtiear wé a3
et 1 ‘SR anmrer fify ot sret s &) e
womer fafy & st wizers o
Y=B,+8,X; (11 15)
FuEE s Ak Tvr g, edE T T R, @ WX, T
AR X T W ey A e e i s X, @ dia
¥ B T AR ;W X, 90Pr w F fraer 7 ands s afer
& axat (dralq B, wdaw T R) v X, W & wwwaw & gof v & P
for s B Afz X, aw X, % weg ga wienig qewae @ 0a g, S
& T &, sl B andw A & mwar) wR Y X, v wmem P
TR P, TAF B o B, Ty g, whw A & wa, iy AR =9
= o apeE e & AW F s § Re $ e, @ W A
AP B G a1y e I e o o et e Fr

T @ AT AHETS & G 8 B SeTers ST
v e s &,

586 8596
X 9 4878497 e 3t
2434273

Tet X, a1 X, s qRenita wearaey ¥, FHie REEE T 3
w0 857 81
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¥ ¥ X, W Y F g 87 @ g Frenfea e qee
o P §
Y=1 5610 79X,
X, & % (B,) 1 wFfem wm# fraeA (Esumated standard
deviation) FT AT 0 31 81 & sam Bewfra &

079
=2548
tT 051

TS T T 6 ¥4 4 T 5% WTEE R A 8)

iz, Bl mam, o X, @@ X, 3 9 9 gfems® (Regressors)
¥ R 555 1 8, o7 € Fenfra e ee 919 dar &

Y =2 35:042X,+0 42X,

X, @1 X, 31 & TR (F B, 741 B,)F sTHaw wvw fawem 1
T 0 43 B 37 5% AT = 0 FHE off oF @F T R

etmemt ot X, wrmm § Rl am e X,
FTF (B,) T2 ¥ ¥ ofafia B s ¥) 7E TR B, T W T T
& I ¥ GF & agea &1 99 &1 ARk X, 01 X, seshan £ m X,
& g BFY S S B, 3 A J iREdT A€ gl

sraeE gt &1 Rk & smerdl & gen & 4 A gfe & orft
t aar 9@ GET@ I R HET B 9 &) GgEEd § e at
e 1 STNERT a1 G5 & g 78 A

w2y & agsiam & Feriea ofens & 859 &

(1) =at=7 =0 & s & A & A 5 gie € Sl & @ e
TOF-GGF T T FE o s aFa|

(2) ‘sengar” gaaes fafn § e sl ) e & o w9 & 95 E
21 OF TR e A Ewa k)

(3) T ¥ aeT Wi e & e § o 5 e el
% gfaa w3 50 R § s Rads & 81

ST ETST @A § ST SISE SR T o & W A
SR &9 ¥ G gFR e &
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B= (XX )XY (11 16)

2 e i X e e B T (XX O Heeey S
&m, fire g w7 3 SRl SRy mu er = s
TR o W S i 9 e o 81 o e oF W ) w1
{Pwvoting 1) =g oo 918 Frma s ) af o o of el =
=1 e ¥, 7 Ft orma @ € ST @ e v ¥ afee € o Ry
st afwer Feat frae €1 5@ @R & oF ) g T G a
) SRR O s e ST i O s w frin w §) fra
g st @ Fedt Yt aeew @ @ 8w 4 @ Ewe 1 Emae
T = A 2 v F ofonfe 7% G swm &)

o Fafird a0 egeraar am aeA WRATS #1 @A R o e
1 TRETm, wi-a agd @ Fredt ¥ R § ofed w0 g e
st awa &1 Frefirfa faet @1 srore @i

S BotBiL 1 BoRAPKatBX e, (1117}
g S =faft s
L =firm R md ot ot o we
R = B3 e e 2 ot wrem
X, X, anem
At W @t 36T gER oS A B & omm ww A 3, s
Y e & g Fearel w1 SR w0 g ads o 3w ¥ aeg
whFE 117 & 3B yek 1 sy Fad enve ad ¥ e, e
B, AR (L)% wirg ST anfirs waka ¥, wafs o=y I (@ 7 wfEw)
B g W g A sy e 7@ 8 wrd /i 9 0l I (pars)
& A an ¥l 3, o 8, B v ol forn o aen
T B A R A ot B1 48 W7 07 IR At B, S@E @t
=1 & Frfvr e foemm 8
ffer ey et yam of nE gan €, agoa # @ SER
74 B, 7o fg gret &) @ v afonfi frn e @i, R B g
fady @ 8§ I S3eer & U (R o @ o ) F o
¢ St o1 o g s R A §1 9 W 1 17 3 6 R
= fowy o w1y

=B, 48 P18 X3+ 8. X a6 (11 18)
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@zt p =Fasfy Bk it & gneli 1w
T G QrETE F G @ 5 a1 e #1 S JTT
=em g fafy a0 P s w1

97, afz agrvaa fraam ¢, a7 e eEe w8 8 R s e
@ oiet 7R & bt = ¥ s & orm A oo e owfe @
foem #ifa,

Yoot B1X, 4B Xz B Xor e (1119

A X, @1 X8t @ ¥ P saeey apeam #
fr g ik d

Xs=arbX,, (1120)

AT T (11 19) F 4T W EEATE TeE 91 s e

¥
VB BrX1tBaXoite, (1121}
mm,  EB)B+pb (1122)
ElB,)-p; {1123)

Afr X,3 BT o & ¥ & afontra e st aFan 2, waed b=/

o 3 o FRE (11 22) # e yER fAm o A B
EfB)=B14B2 (1124}

awerd 75 & Fe T X, & e o aiefe w § fifga e & ad1 57
T g smnatas @ £

wrolg & B = wvrf onfir ot & semmaee; @ me Y @ fgF
BT & owEl Y oW o @AW SR e b, ad X, & e fedl
¥ faamm @Y A 3 ®Y 3 A o A danl @ ol o Ik
o TR W ¥ T F1 AR FAT O ¥, FE, By, @ X F
SR 33 & wEeE | R owE 38 ) X, qar X, A ¥ e at
Free F 6 o 3R & eE = 8

ardfufes #1 g wwen 7w @ B Brw W a oftem TR T @
Prr = vt wfer § afirfee Reramg)



191 CFET FHRFTOT TR

5 T 79 fram ver 2, awg oty arififim =% g
frdr 7 & a2

@ T (M Freedman) & wgm “a7 frbr v ¥ 6y
T TR B e st A, @ 30T 0T W mT s
T aa ot B yrmn gm sfem B s 2, om mer 2 oifE o
T F¥0 a1 &FA B, R oA ¥ S v ARW 2T S T
T 5 € FPa o1 wFm & T A @ A e ara gy

ST, WY AT F FereT G e A1 e £ @ o Rl
{mms-speaified) Frm 71 g #1 @ g2 7 @& 3R (specificauon
error) F53 ¥ |y Tafiri ofe & fetafon am a2

(1} &= T F R FE
(u) 3@y o F @fEfm Fom
(w)  areTERE Y & & e g o gF ofimomers offad ot R
E2oifl
() wmmper wehror =y gfeget nfwdie e
wrray § gfaas e

(Proxy Vanables 1n Regression)
ity & ol g SRt & A # AR IR 8 ST 81
wafy fraxt A wiffn PR o ot =l &1 qrf 3 &, Ty 9 0 T AT
¢ Bl W wE, A §8 RS w8, o o e Evf &y e
e arerer daw @ SrhEd e &, TatE e € o fffe a
o R wE ¥ wferf fn wa
it 0 7 ofemt 93 % vy w ahR A IR g
& I W e % wRd 3, DF W A afe Y (dose
substitute) 81, Fererond, FmEAFER ¥ s §, “dwn’ & @F S =
fern o0 & 8, g @ T A AT wOW 9 F, wa ‘T @ e
A s e o &1 §f ‘T ¥ oA mear s
¥R a7 O et arrned §i

1 M. Friedman Essays m Posmve Economics, Unvetsity of Chicags Press
(Chicaga} 1953,P 25
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ot FT & ofontm T B =x w0 CwRed o0 gz 6
FTE GF VI B T st 39am Rt s &) ofl s 4 sfaw 3wl
F7%5 ¥ TOATH & TR T 5 77 9TATT AvE B

A FAATT THFTA,
Y Bmre, (1125)

o freT i3, 77 TR SO=R F aweew v & et

o7 & X¥g e T of ¢, 93 9 W 91w wm w fow
M EF ) FrT=T SR FERe T gER

YBzre (1126)
g SEy 1127)
= B =7 4

B, #1 HURT ZFEH A IFEF B

yt? = T B,x,ﬂ',t@% T,
X7
5/ ZZ|2
= Xz, (B,x4e)
P
ey E(B) = f1bs (1129)
. Z,

T Ele) = 0, 5agER
AT B, Py T IR SFH T & 9 ok B b FT A 1 & TR

TEl

b, TTEH ¥ b ¥ B,
T2 b ERPATT FHEA
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% = b, (1130
o oo &

o b-24%
pX

SR x @ 2 &1 A Faliet Gt @ e o ¥, a@ qE b
AFEATAN AR IR A TE A FIE Y
W FEN FEEE §, A 7, & 17 & B O e pEvrm A
oty m eR EEi oot W bR TR G §
et & (b » 1) 7 341 70 & wwa B & ok A

RETRTT FHF W
(Dummy Vanables m Regression)

5F IR nerE W a ey PRy o 8, org adaw g
S SO o Rt B o Rem e ) e, st ¥ R
o 77 Iw T B g R e e F s St ¥
I & IAF IEwT ITYTT T A ¥ ow P b T g a7 avdt
T Ft i = iy wE B A 1 s, Ja A @ iy A
¥ mer, Flm Al F sw s R geifos 4t & e, et &
sfadt) fm, dufes smn, SEREE NS aEaE w, Wi o
i A grd o e Fean an v 4 b-ad o o @ oE
T FRT ST 0 S gFar ¥ ITEO, W

W A Tu R Fe = % v ¥ 1 g & o
aft § foafia wan 8, @t w2 @ @ 0 ol | F W SR R
¥ e st &) @ € 8w & odwe # o anl & Forlm
o wFa B Sww e & 6 g ot 3 el ¥ e e E, g
Ry ol 3 deo g ot & P ey 1) @t B o TR R R
R R i s A w e L T e g S A
I gl {1

SareTd, Frefifn WA AT A T AN

Y, = BtBiX 1 +B:Xate, (8 31)

T TEFT T & (YY) & S # 6 (X e ST ET §

o BRI FRT AR T (X ) R & e by
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T T B W X, &1 OW T ¥ aUSt @ o sy F F
TR X, ¥ 97 5 & A &) 7f g, 1 0w 0w A R, e whww
(11 31) & Frdw a7t ot o § Y ¥ swew @Y =g B o s &, AiTE
Tt X, F1 R T & a7 TR #1 B 5 ot o awan

Y, = forfiXire (1132)

o ;W X, h uF # & wefua £ aar s 1 @ Pl v @
a6 & a9 ol an & o SR R o T ) X, F S w0 A saa
FpmE B, # % w ferar s , (B B adimw 0 R &) s X,
F1 0 7R W forn s 21 o @ B X, W el 96 R, 3w @t 4 e
oF T2 &% auan fam A @ @ 33 o § o fF se s b, o i
i B W@ 2, 36 A & T oF & e ol = o fer e
T

@, 3% il 1 77 7w ¢ 5 X, STl s @ arvar oA, o7
az & ' fora war 3, ool TR ae S am o X, ¥ M
a1 afafia @ @ v oF g W peforfm e wrm ti g D =
0, & X, FAaa & a1 D = [l X, Sefivh 8

@ EER X, W W S @1 fafim at & frofow a1 ¥ @@ @
0 DF I 7w R

o T AFAE B ST 77 527 @ o & B 9% 9alw et =FER
dr &) ZaweTd, @ BT o e AR watE o ot # fonl &
wal S R T X, aar X, STais €, g 4t @il § 5 groe & T
YW X F T S 6 £ @ Bl & sl srdftim el
TEEI 3 FFH T AE E, P A e A g A g et s er d
=

Y; = BB Xa#B:Xa 4B (D2Xp )4, . (1133)
T D =4F =R,

D=oeE i ma dgw ),
am D = ] waks baw o ot & w8

A D = 0, 7@ S ‘gan &t ¥ wa § aar yrafiE @ e
f=wERh

Y, = BB X1+ Xt . (11.34)
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(Identification and Simultaneous Equation
Problems)

e e et
(Smultaneous Equation Model)

wmﬁwnaﬁﬁuﬁzﬁwmﬁﬁ,mm@ﬁ
Wmﬁﬂmmmﬁliﬁzﬂ‘mmﬁﬁﬁﬁ
Wﬁt,iﬂﬁ%:ﬁﬁﬁammnﬂmﬁaﬁ@ﬁzm%lm,m
ﬁ?ﬂﬁ@mmm@xﬁmmanm%m
ﬁzﬁﬁmmaﬁklm,wﬁﬁﬁzﬁaﬁmﬁ@&m
mﬁﬁwxﬁwﬁmﬁﬁaﬁhm%ﬁxﬁmaﬁﬁ
m%l:ﬁz{(,mwﬁﬁvﬁ%m%@méﬁﬁﬁmﬁﬁ:ﬁ
ﬁﬁﬁﬁﬁmmeWaﬁmﬁvf%gﬁ?ﬁwm
=X @ RAE & g see R (Sunuliancous estimation
procedures) F& @1

Ty wftesoor et # arfifr (Bias m Simultaneous Equation
Models)

ﬁaﬁ%qﬁaﬁmmmﬂikmm

m%mﬁa@mme&x&aﬁmammﬁmﬁﬁ
o Rl o e A 2

ﬁzﬂﬁmmﬁaﬂm@ﬁ%mmwﬁﬂﬁa’r@m
sfmf (Sunultaneous bias} Fry ¥ @R TR ot e R
(Ordimary Jeast squares esumation procedure) # T T ot faf
(Direct least squares procedure) & 0 !
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whftF o afre AR @ s g dnan [ &
T b F1 Ao &

i gefierAe D, = a+bP+U, (121)
78 D, =xfy [Eeniciol
P, =35 #1 ofma #
U, =gt

wfiwr (121) 200 = # 5 g el A gmmafy B o o @
A (P g vg (U,) & ¥ &1

i e #1 Fr gF R Ry s e &
S, =c+dP,+Y, 122)
kel S, =qfm AT g
P, =Fma g
V-gw

FHET (12 2) T e & awg R @ ety 8 gfw wen
(P e wg (V,)F1 e ¥ T ager 2 T¢ o & e aeg o T
T BTt g WO & W 81 o7,

D=5, (12 3)

wfom o war 38 Fwa w Forw it mé g & o, S an 99
afer®r (schedules) % sfredad fag awr s &t &1

=i gt o 9 ¥ s wRs S e ¥, R i el o
sl fen s 21 & SR Agiew @na w aw § foer @ af o
Fwr { R &1 Rl % R v gur 3ma A aan foe v A
N CE-TF A T O & AR € § o R A aar [ ol
AT GWE ¥ organ aiadT fm e 2, ueg w0 4% ama € R @ R
SIS BAI (Market-cleanng) €1 37, & forror 37w €% &, #9137
gt ¥ Tremawy S et i s e g T &1
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PRICE

° QANTITY
kscutc Bt

wE Yah (12 1) & wafiin 2 aF @ g 3 & geamem ¥ awor
5AF Faly ¥ odaw gt & swig @wTay 1,2 a3 ¥ AT ax g
DyD,, DDy, T D30, R 5 R & w1 5,8, ¥ 5,5, 41 5,5, % 85,5,
& i i &, o wfed I vy ol g £, £, o £ 50 et
&1 nd &1 a5 g gl feegar i e Y syAfe A o &
@ @1 AB I Bt ¥1 @2 Yar ABT s 2 & ot A & off @, wg
7z W 7ay ft ¥ e amd-fdt g avg &) wR ABR 4 @R e
@ G % TFE SrumEy v ) Y ABH o o aF B em &
siefirE = &1 kT ABY O aF gy Ak &t wrae F e Fo
v &1

af: o aF B ww b o e W @ B A &
werE) iy & ¥ @7 AW wer B £, B, B, 8 @ R
¥ mes @ Y g H @ o7 e e gw e o, e a7
& s aramer =am &t Rl (OLS) o fadm aftffer & @ sl smres
oW & ¥ w w &, 4 Rk s Rl § agrgw &, sats el =@
& A O e & et @ Rl 8 &)

& & A e (121) ar gifvar (122) & @A g A
t, i w2l & ot O & atew O 8, o G et A e
0 &) 5 o A (= e F g ) ey A 3, 9 @ R o
# wm w wfeRlen 8, an Bl v @R 4 St #1 SR sEeE
2, 3 fe ot (21) dwe &) sk A e A R e R K o
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Bl s w Mt R g
o k& o ot 1 wfersn v & wifivfgior (Idennfication) @@
Eiitdl
w g ar o & oo a off e § geeer wda T ot @
aar en aer Bl mo & efeen @1 sfirfuter = e=d E) am e
s iR & o W (Y) o g s & dew w (W) Rowe € 5
g i e g
DB, +B,PB2 Yt U, Lukcicaug (124)
SraotaPra, WV, 9w (125)
g, agen & R, D=5,
@ B, B, f% a,, ay, ;T €
mmmﬁmmmmwé 9w g
weheRel ¥ grach & yea <R af e HRw &1
% I & A Shem &, ®ie W 59 P, (F W) aar
R W U, (@ v, goia §) § aresey g@r o 817
AT AT = T = K A e 03 o P §1 s e reat
& et 7AW = £
qs =fp+u (126)
qy=ap+v {127)
78 W, T g, g, T p AT W WA (Respectse means) &
foraem & & s Ry T E i anig
gy = Zq,=Zp=0
e 7w I fafe gr dfia Swd g wmn) @ p g sty e
(12 6) ¥ g Gomr st Pt &

B=Zpq/3p° (128)

1 o Rl & afufole # fedm s gt 3 & gt

2 o s B ew o o9y § ol @ ar e g g aewsiay
§ 57 TV TS (Coefficient of a regression equation) S ¥
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. 2pfBpsu)
b
=B ;’;ﬁ (129)
i b 7T p & e SHEET (12 6) T (12 1) T o T Bl @
R, SA@ TGt T § p ¥ e ) fw T w @ awer ¥ 3w ey
o e & WA faa wn)
pHR AT & uTd V E o e Fmwarw §owg sgew
qu—q,mﬁmm%

(W (12 6) & ¥=ew g-fpen)

Bp+u=ap+v (12 10)
-
a-ﬂ (12 11)
28 3 & A A
Tpu _ Zufu) =Z(u:—uv) 1212)
@ a-f§
T R (12 1) 7 R A A T
> =X[u—\): _ X250 1z 13)

PP {abF
DT (12 12) o0 (12 13) ¥ Spu T Tpid W EE SR (129)
Fmrw e e 2,
p-p 3

S -uv)/la-p)

=5 I+ -2 ) a-BF

pan Sy ~
= il Y (12 14)
B+ apl B+ 5,25

- 2 A HFeH A G
¥ (a-B) T s 25w EIRUISS FAE

afiefa &1
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e d FR f ¥ uF witediy @23 fiar ¢ @ @@ =23 & mer
(Mean) & ofeest & amw & gfz (zarfe smar st &) & oopaey =
Iﬁiﬁ%ummﬁméﬁmmmﬁm%

E(ﬁ)=(3+(a—ﬂ} v2-n eonfu,v)

no’-2n cov(u,v}
agt n= m’%rmm
0,2 = yF yErT
0,7 = vFT SET

cov(u,v) = u AT vARERE EF & =@ 6, a7

confu,v) =0

31, T (12 15) = Fr A Py e

(12 15)

(1216)

AT fF W A T IFe B AhFa ower ¢ oaar sfedd
AR & AR-AE At § it T Gl i gow g e an
ATFHAT AT 72T FH (Inconsistent) HF ¥ IF AT wHiwT
e B et o1 o A 8, o on o ST 8 8 & 8

=5 i, g ggam ot Bif & orfiefs v ¥ s gt W
Wt fft @t 2, Trewemd, ofd e @ T o | vgE 3TeE e i g
Tt ¥ ou? @ ov, ¥ 5 o> O SR A g R (u)F1 yEw
Zrm @ & il g v sng sk An TR A e A R, @@
s aw (12 6) F geawr gyaw at ol g0 pa anwew st @ 3, SifE
W wi @F & g 9% 74 dar & oF 4% R @ § e off aF & g w
V, & wiaRin AHT & weraeT g RN AR aF # e gl o wem
¥ a7y, e sied (Fiwa aar wn @1 ge) B A wed W et O
oF & wM fagHl £, E,dm Ey @ &a & & (@ 121)1 &’
qﬁwﬁ-mﬁgfznz (v,) 1 700 IF F A § g o = 0, @
e w1 5 siawan &RT ¥ 37 FAET (12 16) W &9 § AR
(Reduced) & amm &

1 When thedemand equanon has pon-zero errors (u=0), all observed
pnce-quanhty pars tepresent mavements olong a stable supply curve
Comparable results may be obtaned for the case of eshmating a supply curve
(127) The mmmum bias occurs when errors i the supply equation has zero
vanance, the mammum buas ocoams when the demand curve have zero
vanance
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Elp)=p+(a-p) =a (1217

Tafy R o S R wre & B an o aE e R
&, g % T Fufr & o o 3 (ot A areem aw a da &

T O URE wrEy adwtr
{5 2nd Reduced Form Eq )

it (Idennfication) &% sterar & & o w47 oot &
R WL & & FT = Rt e awr arfirfnatoor v % s
¥ st &1 T, Frentrg v Frufr Fraet @ arem SRR

CaspYrl); T FE (1218)
Y=Gl, e gebafat (1219)
at  C-animay

Y=ama

1=fmem

U = a5 e o2 e gz

+ =HRaEy

o =fes

B =3 & dow ygfr

TRECT (1218) @O (1219) F WIS @AERT (Structural
Equation) &% &' 1@ & whawor Bt #, Faw (1) @ ang v & Fifte
TF gt w1 wyeAw /s b Sweend, fAw (1) @ AW &
mfimRet (Public Authorities) gt Fraif Rear w1 a@ar ki Coaqr Y
{ @A @ 7 T CAdr Y ® amn W (Endogeneous vanables) a1
1%t amg =X (Exogeneous vanable ) & afig a7t Kt

ezt 7w 6T (Reduced form) ¥ vty S = & aw
o ¥ o ¥ e P o 31 3w at 3 = ¥ Rerar o, wgem @
8, Frerh 3 et ¥ Bt & w9 ¥ ara-a Preffta fon o B

1 o fmoe siffs ael ¥ of e i B o b fal &
e ot w8 v e ¥y 4% ¥ wiven axdwEe ¥ B g 9T S
w3 ¥, w W e el avd K| o fraf & g e g ot oe B
ST S B A 7 7 G GOt e e $1 gk Pt oy e @
iR s 7 Pt a8 @ @) Pl w81
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& T ST T 81 S S g i it 210 g SR s
 a €

afufrator
(Identification)

i dn fredmr & @t & @ afdm (Prof Workwng) ¥
fifaior & aven A g s #Hogded (Haavelmo) 3 Tnim &
T THERV % T a Wwed # ANRR &1 avems fr aun anreee
gzew arf farfis @Y s | &% AT (Cowles Comnussion) ERT ¥aw
frmt Frafraae # oo Yo Feafoer § sffetor o g
T F e A wanlt w rrat o e @1 w0 ¥ s
¥ g (Koopmans), AmEmR  (Bronferbrenner) fwdw
{Chemoff) = fsR=Rar (Dvinsky) el (Rubm) i srdffed
& Fid W &) e (Theil) ¥ #1909 a0 savr b aneem ffudy
T WA T ar 378 k 3 oners (K-Class estimators) &1 @31
War @1} oEerg e (Zellner) O e (Theil) ¥ a7 smer fafy
a1 Ferrr fom 5 G gwam 71 (Three-Stage Least Squares) #&d
¥ Brvm (Frsher) ¥ e sl g sifiaior & awen & orm &1
Siefrr Tt 3 9l fm) el wet sfimm T g ¥
(SEed, Rew, e, Sewed, neeak, w7, FRE AW S o
S ara fofae gewt B) shirfator an grog @ 9t gl &
qafy = faar mr 81 'R (Summers) T 9WE @ (Monte Carlo)
ol (siq Wt § shmhke sgeT) oo @ wweEt f gfeeT
fedaradt w1 ateraw i 81

Fivfritr % fror 89 @ g0 w1 wnw B el oo e
srfifratter o vomel daw A Ew R

& e ¥ argaT- AiEH Fe gl ) ofee w7 9 o
e ¢

t Rl v sy gew o B & sl )

[¢H) Identfication os defned as the prodlem of computiag the parameters of the
structure which 13 prenumed fo have generted the observanon on the

ndogeneouus vatiables from the parameters of the likelhood functions
eraogenow =T Jobnston.
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TETE 2 AT~ AT T GO GHITR0T Saied Lol AR SR
gt </ % wem & & ¥ orw T aar § @@ §F sgeaiea AR
% miferdy ghzarn & A of e T 2R v 7 8 @ o et
= g agzmr wfufrefefiy (Identifiable) 817

TR TN g T {Unique) 77 @@ BRE % # it =
At 41 s, din T ff T w0 o S o @ aifis
Afufrafer @ g a S &1 @l A ap o ) o Ffa T 8
oral % SRR S =1 (S ST a7 3 Al & qed i) & oftedt
F ToaEy qi@dd T8 S &, a9 S Awa ;9 TE A O fdr ) @
el & 7z 771 T ¥ T i agem sffioly o ¥ 28 ‘e
mRE T w R am e )

W ¥ AgAn- I e o suser it % e ww
/) Fhifgioly o S ¢, AR o ¥ ol O g @y AR,
< i Fraot o aee ¥ o i e, At w § R &2

T &, afifraforer & g aEAReTE ST # TR 59§ 58 AT
(1M

AT THERT & ST H A F ¥ STweqs o @ fafy
w1 Svar oo & for o ww ¥, o R et 3 s @ srhrRmRer
Foa & ) I S % U] & a8 skl ae & e 8, wafs
WEATHE YTEE W E 8§ W % gR mey & Rl aged @ ek
fed 1 T €1 7% wEa T aefe B wedr &1 ong wd arfirfior
{Exact wdentification) &g v& = faw &, fwat werw fraw (Counting
nule) F¥ ¥1 7T Fram agw Wt &t 7w Fam Faw oa € Oof g &, SR
woftaRer Aol @)

1 “If each structural equation can be wnticn with a sugle endogensous vanzble
expressed 2s a funchon of predetsrmuned vanzbles alone and none of thest
derrved equattons look the same from a mmuml potnt of view, we can say that
the complete system of relationship 1s wennfible, ~LXR.Klien

2*—ﬂﬁmmmﬁ¥mmtﬁﬁmwmnﬂglnm
Fres are Frt it B ¥, e Bt wfrrd et )

3 *“Astructurc 13 1dennficd with respect toag;vcu mode] and a given type of data,
o and only if, there 1 exactly one structire that belongs to both the data,
adaxesible set of structure and model.” ~ Christ

4 Mdentificatton s a problem of getting structural parameters without umbiginty
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T AR T S S s b e R
gash

(1) ¥ FETTTT (Exact ldertficaton)

(2} FH-5557T (Over Ideufication)

(3) 53-5%5GTT (Under Idenuficanon)

At AT (Exact Idenuficanon)

T T AT 6 SR e R e e T
¥ %7799 [Excluded) ST (357 7% @& 75) 1 757 FOTEE RS
Fee d o &N

W T F ST GNT WemS V9 61 F 3% 547 §F BA
A A EEET TR E

pebug+b Y S ECET (12 22)
qbyp+bag W FEwT (1223)

31 TET F, TR SR TR S T 8 T by, by,
by, by TR T E

R eEwTE prw gwR = E, Yoo wan =i

Fm T ETI A I frar R E i wT
Frrame

ST (12 33) & g & 5T e (20) TR W E 5RET

L3
P=bi by prba Wb
=by b2 p+by bz Wb Y
ST (I~bybai)p=bb2sWeb2Y
s pelubz by (1224)

-5 1~8y1b24
s a2 ) ¥ g T e (1229) @A R AT ERT

1 wfmhgwamn'ﬁmmawmmaa
W!,iﬁmﬁawﬂémwﬁxw)wﬁemiw
we
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) bighy g
T Tt T-bisb uzz3)
T (12 24) T (12 25) AW =Ew wfET R
afz @f T w0 7 5EF WeT T ganEer W 2, av ARy
wfell ¥ Frefafas snren seRg d d
paW+pY (12 26)
q=yW+AY (1227)
TE @B, yad AT T &1
T A W,
o= bubzz - bIZ

1-byibyy 1-by;by;

b22 b12b2l
- , = Duzbar (1228
I-byjbz  1-byiby

R (12 28) ET EEHTEA ST 35 S for W oy o &

a
by ==
Y

A
b I—i; 3

sz%
by, 192
o by, ' B
s am gF W= 1 FaT OF OF W O 2, spaar S gt
T 2 & T AEAEE T § § @ oS st a1y W e
e g g 1 areg wwheRer e (Freel) A sy ¥ st
&t

Frfr-wfafrateor (Over Identfication)

7 goTeht ¥ ST OF ST T ¥ b & e w I e B
avg W el @ s w2 ¥ iR e eder 7
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o Fify
PbuqebY (12 29)
q=baprbo,WebsiZ (12 30}
T paa g AN ME @ Y, W AN Z g o £y 6w suT
TALFONF 7 gtr ey T g #
pediby yy bibn p bp_ (1231)

12
T-bybyy 1=byby 1-byby

= bZZ bZJ bl IbI/
q- W Z Y (1232)
Tobyby 1=byby " 1=b, by,

I GAF FW W T @A A W T gamE e @, e
FIFTIIRF T G AR ST W € E

prabb +Z1BY (12 33)
g=yW+Z12 Y (12 34)
a7 a,8,y,,677 3TFEm pTE Ey
T AT e g fran d,
biybs by

@=L
1-b,b2 v 1=by1bzy

e bizby by (1235)
I<bysby’  1-bysby
bIZ blzbll

e

Bty I-byby
ST T i ST J ¥ e B T

byt * bt

Y
b::‘f3 4 5ﬂ=%
b=t b by I'i: é

I, by, ¥ &7 B arE e by, ¥ @ B A ym R
¥ Fafirr sree s e o B By R S TRl ey mam e
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¢ ofra fefir 78 ¥ sew g7 Bt ol stfufifar (Over-Identified)
B
sra-aifutraitr (Under Idenufication)
afe g g @1 SEeH @A T8 & @ g ga R & et
rg-AMfita (Under idenufied) ¥1 31 G @eq Te@l 210 506
TATHE TT9H &1 SEFeR smnE b B ot s @ e ana @
o 7 2y & wft-d s-arfufniifa (Not 1dentified) st Fer s T
#
& afflr o fem o a@-afifmife, sk-abnife @
r-afirtruifia someh 3g qute ord waw A e &1 7w frw foT
el el § 5 £ 3o wea- géw wiewer @ e -
Tl ot 3 o Tl Y W
afy 7z Fram @y & 8, o= Frewt @ arfifralor eore 8) R 72 fraw
L A &, T Freet aif osfbratin & sraan ore- it §o
A HETERVT SOITE & Teet 3 e w9 Rttt
(Methods of Estimation of the Parameters of Stmultaneous
Equation Systems)
I7irer ke 10 o o gene gromAt w1 =R g §) 1oy
g @ Fredt % fd R § ot o =R Rl € &1 sm
AT e [T o R freet s areae we 58 el § e amier
T UF T AR B § 3R B 319 A7 o mare &
C=a#BY4U, (12 36)
T, ITAT 74T ST =59 (Non-consumption expenditure) &
dmd
Y=CZ, (1237)
=g G, =39
Y, =31

Z, =sgmimera

I Y Johnston Econometne Methods Chapter 9
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Z\ et & ey e P e 81 avrord, 29 Caar yarem
w;&mmh\:’rﬁa&mwmhm Crq Y Moy Zam
wh

o% 3 7 s £ snim o, 2 am ¥ e i g T ok
Q@ &I F ) & fam e B, o

w frt gy oy

Z, =Y, =Y, 2)+ 8 Y4V,

afifem a0 ¥y wrr S werpd P arm )

agt Y, &Y ang & ae faar o 8 et ot o o operata ad
C, Yoo Z¥ 3% & &7 wiean €1 anrd #9 8, v3 T3 when ofonfm
ar gz ¥, foa st =t frmm )

W ¥ w7 Z ) afet o o o ¥ @ wEEon (123 ) o
(12 17) woveelt a7 e @xd ¥ et framt ox o, ot P Pt ¥

Elu)= | O oF fad (12 38)
Efu, u,,,}= [ 03 2 0T G4 F £ P13
& 5 = 070 FF 15y (12 39}
T Za y wfera w i wmeem

a1t ¥ W g s frafam w vt A @ g
nar b1 ww A e e IirTas (12 36) ¥ A F 33 AFE 97
T7% ot w &) g forg wham Cad Yo Rt el ant (1% #r e
kot 4
wTet gAam ot fifir (Simple Least Squares Method)

et =g ot Refir & R il ¥ 3t Ve Y wemn
T fr o K\ wdwr (12 36) & Ca o wary (1237) § O R W
v d,

YooY rZ+U,

1 U,
w RISy o
o )

.91 E(U,)=0
W SR E(Y)) w«,—_ﬁz g
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@ Cov (U, Y)-E[(U-E(UN(Y-ETY,)]
=E[U(Y,-E(Y,)]
Z, U a Z
P B
U
18

- U

- .0 g o = E(UZ)

T U, o3 Y, e 3¢ | ¥, e Uaa aanm (Regressor)
¥ men graeey o b, sEfn st Fear o aren s anpt 3T
iyl o o v B e B of arad ¥ avema femar g1 g,
I Fe (1236) F W@ guaw @t fafr g0 wew o @ar g & amEer
FafEa 7 fn F gaq shFR (Sumultaneous Bias) ¥5d ¥) 1R
sl @1 arew it B &) @ w SgEe @ e a o g 8,
iifer srafifie wlaewt armR & Rafe & o arfirfa e wh 21

o W F B W (1236) 7 (27) @ Y, am % o
3 ckzcdd

a Z U,
=& Ly D 40
Y, T 1518 (12 40)
. a_ B Y 41
R iy (241
T (12 40) T {12 41) ¥ T A E WEW B B,
vl
n
—_1 _a_ _1 _1 =_I _I_
R M S e ar 22
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1,1
+—z Ly (12 42)

Ezly (12 43)
T (12 42) 3512 90) S ¥ R,
1 1
Y = (2T (U 1244
Y.Yl_ﬁ(Z.Z)I_ﬂ(U,UI (12 44}
FHET (12 43) FY HFT 12 41 FH A W,

8 1
~C =L (Z- ~{J] {12 45}
c-Cc 5 (Z-Z)—— (U,-U) 2

U-U=u
@ s 73 B} (Second order moments) F1 e ¥R TR il
=

1
ma=3 Sey
W mi X G-ONYY)

i m-i S (G-CF
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o Gt w3t e 3w 3 ot sfonfia ey o w1 amefs A
@Y W B 8,

__B Be1 1
m= Ti-87 mgu—w mmmz my, (12 46}

_ ! ) 1
aar m”_—{l—ﬁ)z m”T—ﬂ_ m""fZi]-ﬂ)"m'“ (12 47)

T B¥ e T sTHEE S 5 n FeRaa 8,
- Mey
Myy
THET (12 46) T (12 47) A A7 @@,
_Bm_+(1+B)m +m,,
Pyt Py +2my,

FIAAEER AfE 1 ~ec, @ my, =0, m,, ~o? and m,, - F0E m,,
T IEK,
_Bmgt ol
R
LT
B g

mgte®

=;S(mz,-wz)wz{l-ﬂ)

mll

o FUB)
_;;J,_mnmz

30 97 aF 0 <f < 1, 7@ 0% W T & g 0 & fdiw og 0 o
wreE €l o 37 A 5 6% W =pem o awew # oA
firft (Biased vpward) ¥ 7 g i a7 wfiewt ¥ s  gi w6
Farcty 7t Rt e 1



2 Sifrafer qF g wRa gt

gy ZFam ot R (Indirect Least Squares Methods)

o o A g § Fe gfeve @ @ (Regressor), Y ¥ wor
TR ¥ G I AT (12 %) ¥ SR R W A &
s FF Bt ¥) 50 gen % wnw 3 AR BR @ g e
T &) sred e an ik o a e W Ry W e
W Ry w1 onidE qr aeEE feer el swrt 3y soema R
af fafe & =g T (Strategy) 92 2 6 A% CF1 Y e 70 a0
& Ut Y& 77 GEeeaa OF AR 2, o8 CH N 3 W ZW
o ot e 8, 9t Z, 3o w2 U wewala 78 ¥

77 faftr a7 g sy g @ P et ¥ gm ey # (R st
ey w5 §) agweners @ § viafia R s sl e vpm
1 ar=rta =it & fork afiety ot awr 3wt & € & e P W

az R o 37 srRrRs wRTel w & an ext @ e
HFrier g § s e s 2 aee i A ¥ e flder
freat w1 oo =L

CratfYU,
Y,5G+Z, TS R

wm ARt # Caw YA wm e

a

=—-+-%}z,+-—u, (1248)
1

D

—
-

1
- 14
I3 1
= U, (1249 =TAE A=Y
Y, I-Bﬂz'ﬁ b ) Bicacreed

Wm“wm%%aﬁa‘aﬁﬁnz(mﬂhm)
5 5K TN Coa 9 Y A s awan b e, SR (12 49)
T & B By & o a9 9K & sarae o [1/1-)] 3 o
%lnmmmﬁmquﬂrmemﬁﬂm
ﬂmﬂﬁﬁanwmmxmﬁzmwﬁgﬁ&ﬁ%
5 @ b B Faer ¥ o a0 9 8% I & [BI-I] 3%
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B ¥ won ST e Rl aftsi ot # et ¥ gemaer
A W i §T FgEA T ) S A €1

AR @ s A A & e e § afieh i
¥ wferfg #1 77 av & v g armes e § et # o iy
I TTICAR 6T F AT T G5 ¥, 70 4e7 FermnF 2w
& w3 R g sfea frn on wwar 8, qog AdTeh @ Ay @l
Tl B T Y 3 P ST ST H ST e ¥

RS B R (12 3) % INE @ @1 § F SmEeR w0 #
AT B & | TR (12 48) 4T (12 49) TR T § 2, o & Pl
st oF TR W EH w1 F AavEEa ¢, §fF aEEer s R
&y o @ B R of oF wlim o oW B o mw ¥ Aw A
o 9 W (Z,) %1

4 gfemz U, 71 & R e 2, aar 2@ we ¥y e s
A T SrEAE @0 EEE §N) el & BN Z woenim G @
T EreaReT e T R &

G = bz, {12 50)

et gaa bogERome =T (12 48) ¥ SR e ) anfy

=S - B
a= I_ﬁmb 15 (12 51)
uEl AU SRS TINIelf o qu B Wi B
aFE (1251) W aaw pRg AT bE 9 F rR A W Aw
e,

=, 12 52
1+bﬁ_14b (12 52)

eiczol C=arbz (12 53)

T T @ A b¥F gwaw &t srrwert Arzan Ye i s
(BLUE) &1 37y,

ae»——mﬂc_mﬂz:%ﬁmmm (1250)

me



27 S g7 gy s e

b e iﬂ’m\é’umm s

a m,Cm;m(Zm b Te F T FFE I (Gauss Markon
Estumators) %e1 e 81 -
FEF (12 54) T (12 55) B @ 79 F WA g o= e
)
g-Te B
m 18
e m, (1-G)=m_p
I m,_-m f+m f

g - (12 56)

=1 s A
o i & @y Z# 'egeer (Covanance) 8 T,
M. = mgtm_ 1z 57}
(12 56) T =,
p- e (12 58]
m)"
g g-TeCmed (12 59)

m
W(uss)m(u};o)u—aﬁmﬁmmﬁmmfﬁnﬁ,
R ¥ ararEs S o @ B awiea srEes o &

FaTEROT- R AT et s et @1 s i

C=afY

Y=CH
gt C=3pim=7

X = Ui am
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[cit = 97 (a7 we)
TIFTRT T IR GFT STAa ¢
C=10+21
Y=10:31

(F) a &7 pF sTmF R
(@) srarrRsgerm s TR e= 2

(7) Fr g 27

- 77 B 7 sows we,

C-uefY TP GAR f1)
Y=Csl &7 FEFET m

FAFT (1) AR (1) § PATEA G T,
C=a+5,(C+1)
o C-pC-a+fl

Errig C=-I%B+Tﬂ {an}
FT () & CF AR w7 (u) 7 G T,

a 1
Faa y_]——ﬁTﬂ
FFFT () war () & @ (1) T (1) F SgReTEE =

FIFCRT e W GF AT L,

C=10+21 v)
Y=10+31 (v1)

(@) 377 q@aT B FFER 1 e (W) a9 (v) #1 eemm

(1v)

5-10=-8 war fez-b
=10 ]_ﬁﬂ'ﬂ b=2 )
Fun G=10{1-panm p=2(1-4
FqaN a=10(1-2/2)wa B=2/>

. a=l% FW p2s
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(&) @R (1) & arar B35 SRl v vt oT e w r &,

ey
33
o e Yo & &7 & PR o ()% o v o ¥ aorn amim

X /vgaE (3 66 i @) g e By

(®) wiFE (v) & e & T i o et & soraes o
g 4y(1-8) %) ofE et &1 gERRRS waw QU [ 10(1-g)) oftf BT
o AT R, g p i &Y dva wofv 8, o R R @ Am
1/(1=272)=3%

o @R whar (m) # FRAW (1) @ s B/ (1-8) Frw &, < B
fram ¥ oF o afe ¥ FovaEy I F pafas w a9 ®Y Ew
#3 ¥1 ¥aF A 2 3 ana

IR, AT EET ST WY & & gr s e b R AR
and a3 & &2 sfad axer &)

fe-wair sgaw wh fAfir (Two stage Least Squares Method)

Ty Wl fedt & FRl um @ler @ omERR ARy T gTY
afifs 9w g Ot ) Eor ghew o @ T & o
aewry 1 e @ 81 samwond, smim wow (12 36) ¥ fraihg U
SATHE T Y ¥ qor qeenry | R B ey <gow @ fafu @
sim g Fran o &) ooy f-wd <gan af ffis qm e # g
St &1 g fafis 3 argam of @t W (Y) @ Frd e gfeng U e
= fzur sy A mwer 2w iy g 3 e o R o EEd
¥ ok ot oo Y Agew ot woen ¥aw afeste w0 (2) o R
s &, aarar g adEt & Y a8 gk e o e sfenfa f
e & et g Bl enftaor v gt et el ar g frm b

e ¥ ¥, gt fred £ gFw B

Gea:fY,+ U
Y.=C+2,

s g et e & i
Yea+a.Zee (12 60)
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& gt e e &
Leal a:=’—"1'
mzz
4= YearsZ (12 61)
Y, @ st A e ey
Vearear (12 62)
Y=Y+e 112 63)
i e & s Y s A ) @ EfFer Caa+BY el
A §
C=a+B£f’+e)4U
I C=a+BY+{Be+U) {12 64)

iR § ¥, Za adm wed &, o B U, a0 seeian 76 ¢

a% 58 R &t aww (o) PR e qut 2 ¥ wer wewa A€ Qa 8, O
Yo wges gfeve (e U) H ¥ wewam o S 21 3§ wei (12 6)
R AR Ze A G @ I & o m g ¥ s aw B S

HEG 4
p=Tt
My
wfiaor (12 62) EWT
f’=a,+a22
v - }"=a;(ﬂ-)
Jraz | T pep-Y
z=z-Z_
e=C-C
srgaT cf=acz
T rhg=a;m,

W, yyeatm

s, pl o O My
my @am,  aymg
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G (12 61) & o2 AR @ 9,

B |y 2 Mo

My, My GMy
mzz

e g-2oy
e
W W iy gy at an s = o ffest oo v
STTFET TR B &) R 5 q e i e o ww 2
g weey 3 ffir (Least Variance Ratio Method)
T g (12 36) F YRR T A o0 ) s fefy Spes mem
g Fafir ) 7w fafir ¥ arnia fredd o fafidem o8 mre wren @ F amim
(Cy3m ()% 3w g w0 & Frwfer Py sman & vt s o (2) 3mim
ary & affier T8 frar o &1 of2 en Feerff @t gemr A g,
C-a+Y+U {12 65a})
C=a+fY+yZ+V (12 65b)
= Rf w aw o T X @ B y=0 & ity ofs sfedt
e Fiftam &, @@ Y & stfft Z 9 emenmerF w¥ wv f afffea
¥ iy, S 2 ¥ ST O JIW ERT @ (12 65a) ¥ ane
(12 65b) 1 wafe x@ (Restdual vamance) #5 E01T) AT FACT
IPAE AE WL TR & 5 o adT f% IEEH o 9 g8 gA Fen wfed
ol B (12 65a) @1 (12 65b) & srafie yerit a1 37w ~paw €
T,
C=C-{a +fY) {12 66)

T o aa1 f I AT T HEaT §)
(12 66) 1 e o afonf 7,

1 1 P

n 3c ;ZC-;Z‘(a +gY)
Ecc C=C-(a'+f ¥} (12 67)
e (12 66) § & (12 67) F wAI X,
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C-C=(C-C)-(Y-Y)
3y c=c-fy (12 68)
bl c=C-C, ¢=C-C, y=Y-Y
gi=m (12 65a) 70 safre @l & @ (Residual sum of
squares) FreT SR = Py s s &
C=a+BY+U
Ecatcd C=a’+f Y+U
wralfie  Ca+fYslU

a1 C-C=(Y-Y)+(U-U)
AT AERTT e yre
Eeci e=cfy
Eeed SE=X(c-ByF
=5c? (12 69)
agt c=c-fy

@ C I T TR (12 65b)c 7t 2% wer @y A
= o &) 5F At Y, @ mmm g e i R st
FAERT (12 65b) TR 17 Frafzre T & T fre 7FR B

C=a+BY+yZ+V
E st C=a"+f Y+§Z+ V
aar C=a"+5'Y+§Z+V
o Al C-CB(Y-YIHZ-Z)+ (V-V}
< R cByetre”
ke e'=(cf3)+jz
=c'-9z T c=c-Fy
wmE Fe?=F (- F (1270)
@ jmeE Tt e b,
z':: 'z
Z‘zz

wmE,  Je=X(c-yzf
=3 [c*-252e'~(32F ]

=yc2-2 (Zc l] >cz4y pa Z]
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ez {Te z)*
-2
=Se* 57 EePXals SF

=St X4 i)“ 271
>z
et s, Fow g frar o e,
DX 3
St ST (12 712)

w2 & B s (12 1) e, o

SCz=0 (12 73)
TR R I Cc-fy BRI i fE
S {c-By)=0 (12 74)
A Jez-f 3yz=0
ol F=S8 I
2z my

wmmwaﬁmhﬂwﬁawaﬁm%mh

FOE I wEW F FGE FREr § swEs & dH e LS,
TSLS, @01 LVR G e S & & $0g I8 9 WA ¥9 F ]
TR

il wrae a1 o sl gw oY & g @R e w
FHPRerh T F ¥ o Rl # et ) ety fadmrd, wwm e &)

wHfg-afifetor & Rk §, swew @ ot & swmE § ag
Ferali 2w at awn e Fe g fafdt e ol s ow Ry
1w E EE e O o A ) omig w@ Rl v @
wiz-aefrfreter & 2, @ s rew By o0 e & 9% 1@ e
2 weg ot mem o Rl o s @ e o Tears I B )
oY, 7% F & B el gger ot eeew ¥ 3 ofes vt
1]

arg afufreir & Bafr 3 sk w38 § Feel of el o e
TRIE Y
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TR 30T HORATTRS FET &7 2% e
(Representanon of the Structural and reduced Forms
by Matrix Notaton)
it freel & e w1 g B & o et o1 dwa
¥\ 7 S BT G R §
YiiBiaYet +8,GYCy X4y Kot +1,5,4¢,
Bar Y+ Yot sBoGYCy2 X 4y2nkat 4y X0z

BGY 148G, Y+ +YG=yG)X;+vGXo+ +YGpXy+eG

(12 73)
TE I R oy v & Byt R v aww b
BY=TX+e¢ (12 76)
Tt B, pTEY T GGrY,
T, yTTRr & GxPE E,
Y, &SRR Y, Y, Yommuaimt,
Xt X, X, , X,@ PRma st
e ST ¢, 0, e G-ERMETmET AR
Eid 1 Bz BG
B B 1 8:G
BG; BG; 1 GG
-ru 1 .G
T= v vz Yo
¥Gs ¥G: ¥G, @GP
Y, X e
Y- Y, X= X, e e
Yo GxI X,  pd G Gxl

T R TRy B T (12 76) F1 341 v BT A g
(Pre multplication) f s &
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sififratior Q7 Prog e anard

iy

BIBY-B'TX+B e
sEl  Y=B'TX+B'e (1277}
B'BY=Y (12 78)
IR T & 7 FHT e iy 1w &
~B'T (12 79}

T EYFONS WES [V & GPIE Y
[ B!, G:Cmmagpd,
T.OPFE Y,
B, TGxP 5= w15z 1]

FapoTel- FrfRay taeh S # S S A &E

Y= BraYorvi Xire,
Yo=Ba Y 1By Yot va Xt vaKore (1280)
Y5 BszYrv3: Xt ys2Xares
(28) NG Fyw, s,
Y #8:2Y 40 3=y, X 40Xz 48,
a0 Yot YotBas Yooy Xy 4¥2:Xrh € (12 81)
0Y 485, Yo+ Ys=y3, X185
o5 T3,
BY=TX+e (12 82)

1 6 0
B Pu I fn
0 f 0 3
yu 0
T= yu vz
v vz 32
Y, X €
Y=Y, X= e= &
Y, 31 X, 2xI e 3x1
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Wl (12 83) F1 AGHOTAE Te B g s gaT

BY-TX:e
o B/BY=B'TX+Be B'¥'@w s W
o Y=B'TXB e (12 83)
9 T ¢ (System matnx) A TR

1 Bz 0 vu 0
BT B 1 Bu 15 vz
0 B2 I yu v IS
7 318 7 ¥ Fad B miter (12 80) # wam odtE @ v
arfirfator frar ma & svmmn aif-sfuftor e ma &, e o @ s
ATRvE (Rank criterion of & matrix) T IwdnT #3 &1/

= (B,T)3 avm uftr aar e, fedrr @ wgdh s a7 foreie &0y o,
s Frefala 8,

Bz vz
1 2x2
1. The Rank Criterion

Here we combine the matrices B and T 10 obtatr a obtaz a system matrix (B, T]
where

1 B B:G vy iz - Yip
;]B: B2 1 B:G v21 Y22 Y2p

BG, BG, 1 4G, G, . ¥G, (1280)

Now 1 order to determine whether the i* equation isidentified, we must know the
rank of 2 particular submatrix of [B,T] which 13 obtained by striking out (ekmmating)
the I* row [B,T] and all columns of [B,T] corresponding to varisbles that are included
mtba i equanon,,

Let us denote the rank of this submatnx by p, Then the i structural equanon 13
exactly identfied or ovendentified if and only if p=G-1, where G 13 the number of
structural equations (This 1s an umportant cnitenon to be remembered)

Arcording 1o the tank cnienon, f we want 1 determune the idennfiabity of the first
equation of (12 80), then we peed to elmnate the first row of the system matnx
{B,T) 2nd &l columns which include the vanables (both endogenous and exogenous)
of furst equation. Here the first equation incjudes three vanables Yy, Y, and X, that
entrespand to column first, second and fourth of the system matrix [B,T] Therefore,
we 2ls0 need to elimunate these columas along with the first row of [B,T) m order to
getthe relevant submarx,
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W o W o (Rank) 2 % aust b wh sbir m
-t a7 Fraw £ e &

P=G-1, 78t =33 1 o
=317 G=w=Te Frwet # wen
=1

TR {7 3 ST7AR & BT e rtufutor 21

oot fireet i et Rfirat
(Estimation Methods for Complete Model)

et et & T o o Rty &) e faf s waat
wiww an wpt fred & B g & s R s & seE
SR F -G e F ot wept Feet o snwem B @A
b org Tt et =t avert oY B SR G O S e
o ot g afrman e e R @ wd o v ¥ Bl
=g 1 arTer Rty a1 g o e Bt 3 PR am

t Full Informanon Manmum Likebhood (FILM] and Three Stage Least Squares
methods are those methods that deal with complets model These methods have
not been discussed here and the readers are, therefore, sdvised {0 se¢
JJohnston, Econometric Methods
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s - Syt @ vt

(The Analysis of Economic Time-Series)

- Sroft o afear
(Defition of Time Senes)

Wﬁwm%mwmmﬂmaxm
Mm!t,ﬁnmnﬁr&uaﬁwmmtwﬁam%ﬁﬂﬁzga
et i Pt R 7 wen &

) =t Akt & (Tume Series Data)
{n) 37gF & (Cross Section Data)
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IO wER F AT w8 Sl eh-af srhedt & amin
o & g R o Rl w19 &l & e s w0 K (ageer o)
vg -l 78 wle fea am & & ffim aw fegell & a0t & 3@
I R TR 0 o & amfun B (@ dft ane )| @ wRiE
2Rty % ww & Rrfir srvae ot fear s 81

et~ 3t & et &1 o
(Meamng of the Analysis of Time Series)

w7~ ot % gz {Components of a Time Series)

FTA-A0l % SR ww aw s B & fr a-doft § MR
frirrant frorm O &) ang ¥ oftwds & wra-a s ¥ ued ¥ o oRedt
R ¥ | 2 oftady o ot o i € ) s o ¥ et ) T
a0 e ffim el ¥ WIS @1 qag-9uE SR SR HETeE ¢ wH
3 frafirmart &t @ aun 7w ot sgemaet & o e enfde awet
ol 0 Fedoredt Y e wxdt &1 F- AT o fafire nfidt @ Rl
it & oo fRm o1 W B0 3 ot @ FE-ich ¥ oEww
(Components) B &1 Fmr-2oft & arwiar seffaor @ smumog feera aer
1 orard (Length of the waves) &1 aimmew # & I3ewd, s1id®
T 1 i Frafia ar ddwel @ # o ¥ & St wfy
£l B uf am (Prof AE Waghl% oqmw, “dfemiy m9ft @
efadfa &, & fr wmrm = § o o Faw 8 i oy o fae
Tl " e sk Fa-oh A ofim Y i waf R ol ¥
st Frafm s awfis afedy O € o 3wy oftedt w6 )
¥ T @ g nfafattt gfe ovd, gie B, sfr e, ofy aw, smEr
gt gt gt €| g s wRade Frafir, Rreawdt o gromds 8%
2 aftw gt ¥ mgfne wua aed wRads pitede 7 &) ) sfmw
i Fe-Sfrt § &l & wHE (Wave Like) S 3w gieeniia O
¥ 30 yoR ¥ qRadT EniE aF & weraey 3o B £l ot ¢
Rady F7 S &) T wReddt @ sty g 7 ad & 11 @ aw ae
2, flh 1 A T F AT W WA, T, YR, T AT
B &) w2 qitadHl A ot el A O 8, qaf e wRads
s e Frafa B ¥ 1 3 wRadal & afifte -2t § ¥ afaln
S Wt giei=t €R &, R ¢ 3 sRe (Pattern) o grar R
ST G & FREET F e BT S @ | S IE AT AGA B
t%ﬁvﬁmmwm%mgﬁaﬁwﬁMwm%m

= argiess, SRR et ST TaEe & e o soF o o b
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¥ ame OF T O A, e, 16, TR, om |
-, G R Rz & 0 & ey 3R o

Fra-irt % ffeaw owmfy ¥ g o 2 o o) awt
afem o 7 S 8 oF Fra-ieh & Rewe ofwdd # o
AT AT 7T S GF & & arel-eh a1 fredv wen ¥ 8w wm
& R el g0 sftreem aom g o wo B ww-rh a1 Rl
4l
Fver- 2wt Rrveror 3 wger 3379 (Objectives of Time Series Analy<1s)

wet-2rof fagerrn & wgw sk Pt )

0] TR ST PR e ST aRftE Ay o 3

() % ey s w1 sy

(w)  sfrer & forvs & qEigeen

(v) o/ - & a gem

() o avelSE @ e w s qEignt @l & g

FR-ivh Rt Faw s s samied & fow & A
g s, e, T F Y e Azt e
-t Rl anfis, Sedfies onfs w10rT & gevafium s iy AaR
o/t &, ot B ame ¥y swefrs deeagt §I g o s 8
-4 ¥ 9 auee] 7 WE-yT W3 04 36 ATE Y 9 HET
¥ 5 awa 21 geen % dier a ¥ 3 e R )

Fer-ih & ames ¥y @ are SR & ok
frell ot te R it B

(1) armyirer fret (Additve Model)- fredt ¥ I 4T TE
& s -3 3 gt w nd we o G #1 ovag

U=T+5+C+R {131

g U, _ga s

T - drehy yaf
§= wghe =R
C - y=a T
R = atfrfia (orar apfeos) A

() e Bt (Muluplicatrve Model) ¥a fredt & sl o

s & fis Ao & o wv aweet e b ey
U=TX SXCx R {132)
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7 firaet o ot T AR ¥ TR Y 2w o & Pl g
o e 1

ai & #rc-f & d sy % S o 6 € dderete,
FEEA? @ St (aRoh)’ A ST Sl @ g & W
# o T ST AT & gfne I uE A Teane |

Ecacied i
(Secular Trend)

e 1fd (Secular or Long Term Trend) 3vmr ygfa
(Trend) o7 39af & EART enverd) et -2oft 3 wreresy el swaem & §1°

ot =R ¥ fat (Prof Werner Z Hursh) & argan- “mfe &
Tl o - F ddma Ay oY tR e g S A
Fr. serreat gfs, TR I <@ e § gaw, §f svaelt @ off § o
T ST #t AT 3 gt onfE g wiftER #) s awdt ¥

&5 A # e st g A st Ok 8, s sl
(Upward Trend) #&d & t 563 frvlia @ @ie-afvdl ) e yofv 5@
% 3N €t ¥, W Rt ST (Downward or Declining Trend)
R €| RO A7 1956 ¥ ST A gaw A & et F of o et o
Sy 1 A & st wfrmal & gererey erEt IO gleemer aqet
¥ Jeren B ¥ weraen Rt g o 9 sty & deierr & sndmet amf
sherirer 8fr) S ¥ T Sednadt sraar st ek @7 aF ot ord Th
% fr @ el ™ (899) = g § oy snom @t €N oraig wmEd
Endwret aRadT T i & T 8, ey e Sl ReEm @R
5 o wie-2of A yafn = w9 o FRm fan A sk dd b il
FA-A ¥ A maf ‘e & P’ (Law of Growth) ¥
wafag ¥ 53 @ svE w g e fawm @ g R o asn
]

Loug Penod Vanations
Short Period Varations

Irregular or Random Venations

Seasonal Vanzuons

Cyclical Vanationx

A commponent by which we come 1o kaow about the general betavipur of the time
series 18 called the Trend.

EXT T gryeee
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. o fn P
LT by Sk ThCat ettt e g
YT T3 (Lnear Trerd)- 75> £ oo T e o £

v;ﬁ—bf;zrmrr}f:miz#.;{vra":ﬁ},

{n) 5777 537 (Curvt lreer or Vot brear Trerd)- 257

,wﬁi:&:&#}a%;mméméw.f‘a‘:ﬁ"rﬁ

s gt d

I T R rem i T ea v P e v

(i} ==F EF e, o
{1) z=*2H T o e gy T e T

fieeacsd i E oo
(Measzrement cf Trerd)

ErP e rm # per BTF,

(1) =7 = a7 5% (Free Hand Curve Mettod)

12) =75 Bt £ 8% (Selected Pomt Method)

13) wE-mm % (Semy Average Method)

{4) ¥ 7 8% (Morg Averzge Metkod)

(5} =Tt % (Matbod of Least Sczzres)

1) %% v =7 7% Free Hard Corve Method)

& 7% E et F e oot Bt 2 S A (Gl paped T
Fhrerh X rarSr B b Yo e o e
5 5 vr o e o §m By o w B v BB
% 75, e v (Dotted kme) 7% §77 T v ¥ W pET F T AT
ﬁz%zhz(mmm)wg,aﬁzhé:ﬁ—wz:yr‘ﬂ
o ¥ rm & er o7 27 {Smoott cne) E o ET I
i frda s arivit

T T B ¥ o oE wom & @ & FA M o v g
FIEEET (Arproximation) a:;_zzi':él.f?—'i?""’“‘fg_ﬁ
o B 3w W o 5 R a e m ar gs e Hy
Ty ey R rd At S e ST R E T A
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fafim =it g f=-fer @ o TR & oeaey ffim ford o Ay
=1 v Faam e &, weg vt s g faf g sra-af A A
gqfr o1 st Fwm el AT w2

(2) =t famgeit & fafir (Sclected Points Method)

8 ffy ¥ orgen Adya wTe-ift 71 Yoo offen ¥, aea
T AR ¥ & Fegedt & Fruifea fran omn @1 31 g Rt A e
& & a1 il i & (s ggqfs Yar (Trend Line) #va 8t 37 o
& Fra-aft % ffed YWefiw = (Linear Trend) 1 o7 &2t ) Wrﬂﬂ
Wt Fo et A9 ¥ fafim e o - et @1 R
1w ¥ W W Y@ # Ay syt A7 Arger oF foin o smafE 2
& fofy 7 q@rT ol 39 s # & Fean o wfed, F m oA A
o @ @ @ g3 # 3 e § s Brar o wrm @) @t ofdm waf
& amae 2 &1 & i Freget 9 g Rdwen Bran s aFar 2

(3) aré-amem RAlr (Semi-Average Method)

war frfiy ¥ organe exdwaw ver- ot & st @ & et e A Bnfr
%% feam ot &1 afz adt & wEw faw (Odd) &, 39, 11, 13 W1 & A
ar af & ey @ it & Ry S # | F oafwat % wagan R ad
¥ g & o @ 2t ard vt ¥ Az fam s, ey ug 3w Wi A
o ¥ | arE A WET FT Q-G WM W SR s & ooy g
¥ wwr R T e &1 et off el w3 o e an @ ot wArR
Ter S & wem il % i F R sty 81 37w aet w5 of e
o ot s & fon s &1 @ 3RE wel & R w0 uw we g
erh, ot fr Sl st @1 o s v By w8, Tog A
o 78 & Fe @ sroia it el % aw e Ydie e & @
# w31 IEF AAE A TOF L W H HeAF UF o waamay #
yefifa w8, o qe off @ § fr A T @t e A8 geT 8
w3t #, 77 Frftr o 3 g At g i 21

e 1 frlafae amft g #tees o @ @ ag-mmey fafs
T IR YET (Trend Line) @ifad

Eid 1685 1986 1987 1988 1989 1950 1991 1992 1993
oy 94 81 18 n 30 63 54 59 18
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i A WA waw

1985 4
1946 8t 328 8L - 1986 TAT 1987 FUeA
jti7) »
1938 n
1989 80
199 8
1991 s8 4 S350~ 91 & I H K

1992 )
1993 1

Ll
1 _
% AVERALE of THE FIRST Fagr [ R pRIINAL OFTH)
\_TRCNVD INE
0
o
%
i 5t}
: AVERAUE 0F THE S
1
1o
- —K
%45 sy 1913 I3 13 195
:lsu 1ga1 1ese AL MG TYmE
Bt

(4) =@ ez Rt {Moving Average Method}

v e fefyy AR wgl & e @ s wst B OE
4Rt s % frcdiRer (Ebmmation) Emmmﬁﬁ!
Y 5% ot § g ww-wa W gwEw A b B
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{cycles) #81 SiTaT & | G =7 &1 s @) d1a-Aolr &t snalder (Perodicity)
a7 e B

frr =g {Trough) & 5o gt a2 F1at-2oft &oF o Fwem fiag
& Ferareor w0 gom g afim B Ferg o g @ e g g (Peak)
& g0 §FR gTRAT F1a 3ot @ o = g & e o e
Fim = fag W odaw & @ @ e O T A f, @@ @ s d an
AT <TF Yt arahy Fgem

et A fodm afy & faw g PR any € o arafe Fe-inft A
g arufa sl @ folt @ &) afs F-2of § spafder @@ 4 8,
o e R T R I ¥ T T i o R g 9 ue R
wafy Fwr-dof & s wRfEa & aver & arh &) R e wn
tfrafir ssTaerl @ Framer @ &1 Rk oftreraey ame sgfit we
Lif 4l

Wi §, = wror 9% omfly = g v om anE w R
T Ay | aeRE A et (Crests) ¥ wer Si=R vy &Y Freew feegett
(Trough) & aw 1= arr sher amafiay a1 st Frn st &) g € sfhea
STafdm wet sTe o sa Sl

wo e fafy 9t Fret oo = e s wa B

A U, U, U, Uy, Us, Uy, ... T 928 #@-fk % o § a1
e 7 oz (3 o aiffw §) w7 s a w v ot & o
&= afl & ®\ U, Uy U %1 @ara ar g0 fean sider afe 38 v
ot arelg (feda ad) % v Re o ol g s oY & ofier 5%
i = ot Y aRifem =6 €7 8E1 (U, U, U)o mver gi fm smiem
% 3 FF noy 7t sy e 2f F wrw R Rar smm 9 sEw o
d @ whem G v ¥ oan ofm ad A oRfe w o § o st
1 5% an e af & e foen wd §) 9% o B & fem ane
fafy’ Fwandr &1 @l 13 1 ¥ d axfy o Aredt & wvmr gafia @ &
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WToR 13 1 : @ @ e AT & o

@U,‘ & affq =@ @ ‘ & affx v = (T)

1

2 U+UpsUs = vy v,/3
3 UpUs+Ug - v2 v /3
4 UstUpeUg=vs | val3
5 Ut Us+Us = va v;/3
6

ofy T wem # i e wW (1,4,6) i) & @ T A FH
3= (Centering a moving average) Fat TRl 31 g f B Gl
w1 37am f w21

ﬁﬁﬁﬁﬁﬁrmw(m)aﬁhaﬁm#mmﬁ
%aﬂ%mﬁmmalmgmﬁ%éa&awmm
ﬁmi,ﬁwﬁ:mmﬁmﬁmw%lﬁwﬁ%%aﬁﬂm
TR T A A I

ol 13 2 + ST Ed e ATt &Y WA

e
att  ym U, skl @A o af @w W WE
mer (1) ¥E(T)

-
1y

2 Uy Uyt Upt Uyt Ug = w1 wi/4=x;

3 Uy UptUstUptUs=wg id=xg (ntx)/

2

4 U, UptUgtUstUs = w3 wy/d (x2+x3) /2
5 Us

6 Us

-
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(5) == et f&fir (Method of Least Squares)

e ot faf 7 foqa v s e 25 A B gn W |
Bl g ot o B SRS BT 91 R anh SAw adees e H
Tafy T e wE @ I B &) owe o & 3o iam
mklv%’amm-ﬁmaﬁ@'ﬁmﬁ—rmw
o 1 wer &) @ Yo & wod #, saf Yar & waie YA (Lne of
best fit}) s M WM T IR R W AT o e e

) FEWE u=yza+br

{u) =T aF (Parabolic Cune)

{a) fI@ 93 (Second Degree Parabola)
y=a+bt+et?

{b) Fow 377 (Third chree Parabola)
3= aafa,t+n~t‘+a3r

(w) FFREF (Growth Cunes)

(a) =% aF {Gompenz Curve)

y=alf*
(b)="== a7 [Logstic Cunve)
z =a+bd
¥
st e__l_
YT ad

e (1) 2 AR a1 AR T T3 T ST @ 11
af: 197 19K 1989 1990 1%l 1992 1953

F=ET 80 %0 [} 8 u 1 52
T 5F @ AE-IIT FEER Y = 2+ bt ¥,
TE Y =I5
1= 0,1,2, ¥ (Fwmig)

mm af Fafir TR0 ST SRR S R B
Ty =3a #bEr wE yiEaIE ¥

In=dsr+ O
Xy, i, Eey, EC R TR w0 @l o s o T awer b
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af T y ¢ ty Puafa qeq T= debt
1987 80 0 [ 0 84+2x0=-84
1988 90 1 90 1 8442x1=86
1989 92 2 184 4 8442x2-88
1990 83 3 249 9 8442x3=90
1991 94 4 376 16 8442x4_92
1992 99 s 495 25 8442X5-94
1993 92 6 552 36 84+2x6-96

n=7  Ep630 Xt=21 Zo=1946 =4=91

ST EfteRn 7 TR 9w
630=7a+21b
1946 =~ 21a+ 91d

€ T O ¥
a=84,b=2

A B v H FAvaf g e g b
Y=2844+2¢t

597 7% 39ie anoh & Hfew v i s R L E)



